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The primary step when a biological system 1s exposed to tonizing 
radiations is the utilization of the absorbed energy in a chemical 
reaction. Since the energy required to orodice 2 biological lesion 
is often very sriall and, morsovsr eince it is initially deposited 
uniformly throuzhout the irraciatad matsrial, it would sean to be nec- 
essary that the blolosically important reaction is with a macromolecule. 
The proportion of biologically activs substancss of low molecular 
weight (¢eg- A.T.P. or glutathione) which are changed by irradiation 
with a few hundred roentgens is negligibly small. V¥a assume therefore | 
thet the observed lesion is thea result of the chemical change of some 
vitel macromoleoules presant in very limitad numbers (6.2. the D.N.A. 
of tha chromosome threads), 


In princtple thers ars two gzsneral methods of protection:- 


(a) A substance can be added which influences the conversion 
of the energy taken up in such a way that less chamical change occurs 
in the "vital" macromoleculss. 

PYRGHT 

(b) Repair by an added substancs of the damage produced in the 
macromolecule immediately after tha primary rgaction ond before any 
irreversible chango hee occurred, Sincs successive chemical rsac- 
tions of a molecules activated by absorption of ionizing radiations 
will ocour extremsly rapidly, the protective substanca bringing 
about the repair mist by present befor: the irrediation. 


Dale was the first to demonstretea protection of thse first kind 
in a system where the action of the fonizing radiations was indirect 
(1.e¢. onergy absorbed in a solvent produces highly activated molecules 
which react wlth the solute; in the case of water it his been clearly 
established by Dainton, following upon the original suggestion by 
Risse, that the reactive spocis¢s ars freo radicsls such as OH’, HOp* 
and possibly H°). Add2da substane3s protected anzymes in dilute 
aqueous solution by competins for the radicals formad in the water 
which brought about inactivation. 


The present papsr rsuports en investigation on the changes 
produced in a number of synthetic macromolecules under a variety of 
conditions when protection by diffsrent mechanisms was encountered. 
We hope to be able to gsstablish whet type of compounds ars most 
effective in providing protection by the different mechanisms. It 
may then become possible to daduca by anslozy the machanism of 
protaction in varlous biolosical systems by comparing the protectivs 
action of a number of substances in vivo with their activity in the 
synthetic systens. 


Competition for frea radicals: In Dale's experinents the 
enzymes were probably inactivated by OH redicals and the activity of 
the protective azyents in these systers ts therefore determined by 
their reaction with OH radicals. “ea havea found that the degradation 
of polymethacrylic acid in dilutes aqueous solution by ‘-rays is due 
to HOo radicals and have studied the protective action of about 150 
compounds in this system. Thes@ compounds protact by competin: for 
HOg radicais and the protective action ig thersforsa = measure of 
reactivity with HO, radicals. In another system ws have studied 
protection by comps tition for OM radicals. Tha ord3r of effectiva- 
ness of a series of cornpouncs is not ths gam? in the two systens, 


The activity of substences in protecting mics against the lethal 
effscts of X-rays follows closely ths HOo serigs and not the OH 
soriss. Ne deduce that competition for’0H radicals plays an im- 
portant part in ths vrotection of nics. 


Energy transfor: At first sight it would appear that where 
the action o Ae lonizing radiations tg Girsct (1.63. the energy is 


absorbed by the actual material undurgoing changs), no protection 
is possibla. According to this view, which is widsly hald, onca 
sufficient energy hes bein absorbed by @ macronolscule to undergo a 
chenical cheanzo the ensuin,; rsaction cannot bea prévented, Neverthe- 
less an expsriment carried out by Svsdberg and Brohult fifteen years 
43,0 pointed to the possibility that direct action wes more complax. 
These worksre found that very soecific dissociation of the giant 
protoin molscule haanocyanin into two equal parts could be induced 

by Irradiation with » perticlag, and that the passnge of one 


4-particle anywhere through the molecule was sufficient to produce 


tais change. This indic-ted that onorey absorbed in one part of 


the molecule could be transferred to those bonds responsible for 


nolding the two halves togather. If energy transfer of this kind 


ean occur, then protection apainst direct action is theoretically 
possible. 


While studying, in conjunction with a. Charlesbdy, the 
degradation of solid polymers (1.6. whan the action is "diract") 

wa decided to test this possibility by admixing smell qQuantitiss 

of diffsrent chemicsl substancas with the polymers. We found that 
a number of the additivas exerted very merksd protection (i.e, 
PYRGbEHseaq the amount of degradation producad by a given dose of 
frradiation). Detailed quantitative studies at present being 
carried out by D. Toms indicats thrt tn; protection occurs by 
transfer of snergy from the polymer to the addsd substance. 

Anothsr way of lookin, at this axperi:ant tg to consider that the 


presencs of the polymer potentiates ths dacomposition of the 
additive. 


Thus although the energy is originally «absorbed unifornly 
throughout the System, it becomes concsntrate4 in cartain points. 
Energy transfer has elso been established in cther Systems, and of 
particular interest is the case of co-polymers «sre energy 
absorbed by one coriponéent is passed along the molecule to the other 
constituent. 


These experiments make it necessary to re-evaluate the data 
obtained for the siz9s of the Sensitive volumes of viruses and 
enzymes from "tarzet arse! calculations, since the chemical change 
may not be confined entirely to thea track of the ionizing particle. 
Ve have also found thet the desradation of both polyisobutylene and 
polymethyl-nethaorylate is greater when the irradiation with -rays 
is carried out at 70°C than at 18°a, A possible interpretation ig 
that enersy transfer is eronoted by an increase in tempsrature and 
that the absorbed snergsy is therefore utilised more efficiently at 
the higher temperature, This mechanism may also explain the 
greater sensitivity to ionizing radiations at higher temperatures 
which was found by Pollard and his colleagues for dry enZymese 


We believe that the finding that it 18 possible to protect 
against "diract action" is of great practical interest since in 
the call nucleus vital macromolecules (6+. nucleo-proteins) are 
present in high concentrations and direct action mast therefore 
contribute significantly to the total effact,. The recent tendency 
to interpret biological action exclusively in terms of indirect 
action is, we belisve, misguided sinoe the cell does not correspond 
to the very dilute aqueous solutions studied by radiochemists, We 
have found with water-soluble polymers that direct action plays a 
predominant part at concentrations greater than 20%. 
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Khepair of damaged macromolecule: This type of protection was 


Found to occur when aqueors solutions of polyvinyl alcohol ware irra- 
diated. In ths absence of oxygen the molecule does not degrade but 
crosslinks to give a stiff yal. Soma addsd substancas, notably -SH 
compounds, protect by rapairings the activatsd molecule befors these 
con interact to sive a polymer network. 


fhe general reaction may be illustratsd as follows: 


| loss of = 
UHo SS Ch 
i hydrozan | 
part of polymer polymer radical 


molacule 


This reaction is common both tn "direst" and “indirsct" action. 


| 
Poo CH’ — > cH, + P* 
{ 


| ha 
protactive agents | 
The protective assent transfers s tvdrogsn atom to reconstitute the 
polymsr osfors the polymor radicul 39 had time to underrso further 
reactions such es crosslinking. 


in tha prosence of oxyasn the polymer radical will be con- 


PYRGEEE ¢69 to a hishly unstabls pesroxy radical which may decompose 


leading 


es + 6 =a io : 
to main chaln breakdown. This dagradation can in prinoipls be 
pravented by; ths protector as follows 

| | 
CHOO* + PH — > CHOOH 4+ P* 
| | 


in this wey the polyrer is chan7sd but dscomoosition is prevented 
by the formation of a stable comszound. We have no svidence which 
indicates that protection of this typs pleys any cart in biological 
systems. 


=. 


Inactivation, par les rayons X, d'un agent transformant du pneumocoqua 
H. Ephrussi-Taylor et R. Latarjat 


Lo T.P. Sr qui confére au pneumocoque la résistance & una 
concentration de 2.107% da streptomycine, a 6té tnactivé en solution 
aqgususs par des rayons X de 0,7-0,9 A. Iss faits suivants ont 6té 
mis en dvidence 3: 


(a) La courbe de survie ast exponsntiells, mais présente uns 
cassurs pour une survie d3 quelques pour cant, dénotant una 
hétérogénéité., Celle-ci ne proviant pas de la présence de 
particules d'ADN héréditatromsnt différentes des autrss: les 
molécules résistant & une trss forta doss ntinduisant pas chsz ls 
pneumocoque la formation de T.P. résistant. Il s'agit d'une 
hétérogénéitg de la solution, actuellement a l'étude. 


(0) Le T.P. est axtrdmemant sensible aux ections indirectas 
du ravonnement. Tandis que l'extrait de levure a 1 & protage 
complétement les petits bactériophages contra lteffat indirect, il 
faut utiliser une concentration d'extrait de 10 % pour atteindre 
une protection @ peu prés compléte du T.P. contre ces sffets. Ce 
fait est sans doute en relation avec l'absence de membrane protéique 
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autour ds L'ADN, ot aussi avac la forms filamentauss trdsg . 
dissymétrique qui, pour un volune donnS d'aDN, offre uns tras 
Brands surfaca acceptrics sux radicaux librss, 


(c) Ltirradietion Stant provoquse dans les conditions dteffst 
direct (notammant sur dzs solutions congelées), la courbe 
d'tineactivation a fourni pour le poids mol%culsirs du T.P., una 
valeur infarteura on 4yals hi 1412. 10°, Dans cs caleul, les 
Inesrtitudss liéos 2.2 «roipament deg lonisations ont 4t4 tros 


diminuées an irradtint conjointement css petits bactériophaces de 
volume connu. 


(d) La pr4ssnce d'oxygane est sane influance notebdls sur 
l'inactivation du T.P. Si oatte inactivation n'est pas trop 

Sloign$s dans ga neture de ca qu'on appslle uns radio mutation 
eénique, on peut concevoir quo cells-cl serait 6szalement indifféSrente 
@ la préssnoa d'oxygdne. Comme les ruptures da chromosomes lui 

sont trds sensibles, on peut penser quielles résaltant de l'attsainto 
primairs de substances différentes dz 1' ADN. Litétude ds lieffet 
oxygens permettrait ainsi de dire si une altération s6né tique 


cons$cutive & lt irraciution, rasulte ou non a> llattointe primairs 
de l'acide nuclSiqus. 


ra \ 
Action présorvatrics vis A vis dag rayons X ls cétones 


PYRGHT dérivées de polyohéncls 


A. LACASSAGNE, J.F, DUPLAN, et N.P.suu-HOT 


Blen qus les polyohsnols n'exercent en général aucune action 
preventive contre lo mal dos rayons, cortains ds lours dérivés tels 
que les cétonss se sont montrés doués d'activité, Sn continuation 
de nos recherches antérisuras (Lacassagne, Duplan et Buu-Hot', 

Comptes rendus 1954/238/1279-31 ), toute uns série de composés nouveaux 
principalement das cé tones dérivges du byrogallol, das naphtols, de 
ia pyrocatéchine ont été prdparés et exocrimantées s 


sos c3tones sont actives, 
pn particuller celles dérivées du pyrogallol at aussi de la 
byrocatéchins. La 4-bahSnoylpyrogallol par exampls, possede un 
pouvoir protecteur durable. 


-~-L LLL 


5. 
‘3 NATURS OF THE PEROXIDE-LIKE SUBSTANCS FORMSD IN MICH BY X~RAYS 
Ved. Horgan and J.S8t.L. Philpot 


We have estimated oxidizing matter in n-butanol extracts of 
lethally irradiated mics (1000r of 250 kV X-rays) by an improved 
anasrobic method using brilliant cresyl bluse reduced by a column of 
cadmium filings. We have confirmed our previous suspicions that 
part of the oxidised mattor is less reactive than tetralin hydropoerox- 
ide in that 1t fails to react appreciably in ten minutes at room 
temperature but reacts rapidly at 100°°. Simtlarly slowly reacting 
matter is present among autoxidation products of isoprene. Ve think 
therefore that it may be a tycli: or polymeric peroxide formed by 
1, 4 addition to conjugates double bands. 


Reactivity studies 1 aatoxid: tion sroducts of ethyl oleate, 
linoleic acid, lecitnir a i mouse e: tracts made with and without the 
aid of radiation, have given complicated rosults which require mich 
further work. 


ACTION OF RADIATIONS ON DK  .RUSAZS AND &NZYMES 


Ernest C. Pc tard 
PYRGHT v0 results of the bombardment -f a variety of dry enzymes with 
deuterons of varying energies and fast alectrons indicate that the 
energy which is released by the fast charged particle is confined to 
the molecule for an aporaciable time, nnd therefore the volume which 
shows a sensitivity to radiation action is cloarly related to the 
existence of an enersy release within tho molecular unit. 


In view of the fact that some disductions regarding molecular 
size and shape can be made in this «vv, the bombardment of viruses 
by radiations of the same character ::4blas deductions regarding 
their internal structura to be made. 4& series of effects have bean 
lookad for in bacterial viruses in particular, and from the effects 
of radiation action deductions rezarding the surface structure, the 
internal structure snd the thicknoss of ths membrane surrounding 
the Internal offective part of a virus ean be made. 


ACTION DaS RADIATIONS IONISANTES SUR LeS LIPIDSS (R&SUME). 


A.CHEVALLIZR et C.BURG 


Ltetude de l'influenge des radiations lonisantes sur les 
lipides est ancor2? a son début. 


Les faita se rapportant b l'action “in vitro" se résument dans 
la formation de radicsux libres dans le milieu contenant les 
constituants lipidiques, que ceux-ci soient en phase lipidique con- 
tinue, ou en phass aqueuse sous forme de savons ou d'émulsion. Cas 
radicaux libres donnent naissance & des réacttons en chains gui se nani- 
fustunt finalement mr la production de peroxydes, par la 
conjugaison de doubles liaisons ou par datautres transformations 
moléculaires. 


Le mécanisne précis des modifications gus l'on pergoit ntest 
pas encore, & l'heure actualle, plsinoment défini. On ne connait 
pas, notarment, lea nature exacts des radicaux libres qui inter- 
viennent, ni les types de réactions en cha‘tne susceptibles da se 
produirs, en fonction des conditions expsrimentales (température, 
surface, otc). | On ne connatt pas les modes de désactivation, et 
on ignora les reactions que peuvent provoquer les >eroxydas 
oux-mémgs. 


PYRGH IAS: domées sont encors plus incerteines lorsqutau lieu de 

s'adressor a das constituants lipidiquss dans un milisu pur, on 
considere des cas complexes ot plusieurs constituants différents 
so trouvent en présence. 


Dans ce dernier cas, on peut toujours se demander quslle est 
la part des interactions ontre les différents constituants et les 
chaTnes de réaction daclanch&es par les radicaux formés par los 
radiations tonisantes. 


A.- GXPLRIMANTATION "IN VITRO", 


Les principaux résultats obtenus "in vitro" correspondent 
aux expSriences suivantes: 


Depulis longtemps dé ja, on sait que l'irradiation des graisses 
naturelles entratne l'apparition de phenoméns d'toxydation. 


Dans plusieurs laboratoires on a obtenu la formation doe 
peroxydes par irradiation d'un grand nombre d'ecsters d'acides gras 
en phass lipidique continue: linoléate, oléate, stéarate et 
tristéarine, ot ceci, aussi bien, avec dug fatscoaux a'dlec- 
trons qutavec des rayons X. La présence da tocopherol diminue 
d'une fagon considérable la formation de ces peroxydes. 


On a, dtautre pert, dtudié l'action des rayons X en présence 
d'eau sur la conjugaison des doubles liaisons dé ltacide linoléique 
en milieu alcalin, Cette conjugaison des doubles liaisons 
accompagne en général la formation de asroxydoes. On obtient un 
rendomsnt tonique variable suivant leg conditions expérimentales, 
mais toujours tr’s supérieur & ltunité. Il faut remarquer qu'une 
irradiation, dans des conditions identiques, mais en L'absencs 
d'oxygéne, fait tomber le rendement ionique de fagon considérable, 
mettant on évidence le rdle important de l'oxyrene dissout. 


_ , Liirradiation d'émilsion dg linoléate de méthyle dans l'eau 
a ete également StudiSe par la méme méthode et les résultats 
obtenus ont 6t& les mémes. La présence dans l'émulsion de 
certaines substances liposolubles: tocophérol, vitamine A, 
vitamine D, inhibe, ou, pour le moins, freine d'une fagon impor- 
tante, la conjugaison des doubles llaisons. On doit an outre 
remarquer que la présence dans la phaso aqueuse de substances 


Te 


hydrosolubles, telle que la cystdine , l'acide ascorbique ou le gluta- 
thion, diminue la conjugaison des doubles liaisons sous ltaction 

du rayonnement X, ce qui semblerait indiquer uns interaction " 
possible entre la phase lipidique ot les radicaux libres formés dans 
la phase aqueuse. 


holipides n'a pas 6té tr3s 


Liirrediation "in vitro" des phos 
5 Ecomposition de la l6écithine 


- 
atudiés. On a constaté cependant in2 
sous l'taction dss rayons X. 


p 
d 


Quant aux différents stérols, ils sont susceptibles dtétrea 
modifies, par lus radiations tonisantese Chacun d'tcntre aux 
prsssnts un cas d'espgce, 


Liaction directs du rayonnenent X sur les vitaminss lipo~ | 
solubles est trss imparfaitement connua. Depuis longtemps déja 
on avait constatéd ques l'irradiation par les 6lectrons ot les rayons 
entrafnalt un blanchioment du beurrs, ctost-a-dire une oxydation du 
carotsne. Par irradisticn de la vitamine A et du carotene, dans 
i'hexane, on a obtenu une destruction de ces doux produits avec un 
rendement lonique da l'ordre de l'unité, ~ Par contre, ltirradiation 
in vitro de vitamine dans le sang n'tentratne pas une destruction 
appreciable do cslle-ci. Lo rendement tonique, tres inféricur 2 
ltunits, impliquo l'texistence dans le Sang de substances protec- 
trices. 4n cequi concsrne le tocophérol 3t le calcifSrol en 
solution dans una émulsion de linoléate de mnéthyla dans l'eau, on 
n'a pas ralev6é de destruction appréciabls de ces vitamines pour des 
doses de rayons X de 1.000 r,. 
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Ba- SXPARIMENTATION "IN VIvo"," 


1) fe directs. 


L'étude des pe roxydas formés in vivo dans lo tissu adipeux 
par le rayonnement X a 6té antreprise dans un curtain nombre da 
laboratoires, & l'aide de rSactions colorées trss sensibles, 
telle que la methods de DUBOULOZ & la thiofluorescbine ou la 
méthode de GLAVIND et HARTMAN. Les tayx de psroxydes obtonus 
ont toujours été tres faibles, trés inforieurs sux taux obtemus 
par irradiation d'osters gras purs. Ce fait s'explique aisément 
si lton considsre la quantité importante doe tocophérol présente 
dans la tissu graisseux. 


Quant au tocopherol lui-méme, l'irradiation ne semble pas 
modifier sa concentration de fagon appréciable. 


2) Effets indirects. 


Lipides totaux.- Coux-ci correspondent an principe aux 
modifications constatées au niveau de alverses Substances lipidi- 
ques appartenant A un organisms vivant soumis kh l'action de 
radiations lonisantes, sans que lton puisse rapporter les effets 
constatés & une action directe des radiations. 


Le taux global des graisses de l'organisme n'est pas 
modifig d'une fagon importante par les rayons X.- Pour tenir 
compte de l'anorexie consScutive a l'irradiation 41 est necessairea 
de Soy eneas les variations du taux global des graisses des animaux 
irradiés & des témoins soumis au ietne. Dans ces conditions, 
chez le rat, le pourcentage total de graisse varie de la méme 
facon chez les témoins et chez les animaux irradiés, au moins 
pendant les premiers jours consécutifs a l'irradtation. 


i En ce qui concerne le taux total des acidas 23 hautement 
dasaturés, 4 trois ou & quatre doubles liaisons, il reste ra- 
marquablement fixe, aussi bien chez les animaux Simplement au 
jetine, que chez les animaux irradiés. 


Résorption intestinale.- Lialtération profonde de la 
tunique Thtostinalo et 1 anorexia consécutivs ont fait penser pesn- 
dant longtemps que l'irradiation provoquait une diminution de 
ltagsinilation des graiss 8. On a pu montrer qu'il 'tnten était 
rien, en 6tudiant, au niveau de l'tintostin, la vitesse ja resorption 
dtacides gras ‘a doubles liaisons con juguses dacelables par spectro- 
photomstris dans l'ultraviolet. On a écalement détormine les taux 
des graisses fécales, chez les animaux irradiés at chez des témoins 
recavant la méme quantité ds nourriturs que celle adsorbeo par les 
animaux irradiés: on nta pas constats do diffSrence entre les deux 
lots dtanlmauxe 


Cependant, la vitesse de résorption intestinale de la vitamine 
A alcool serait plus rapide chez lee animeux irradiés que chez les 
témoins « 


Lipides hénatiques.- Ltirraiiation antratne dos modifications 
baeet ance du ag bebop ane népafique, ainsi que le montrent des 
oxpériences avec le Pe’ et 1s Cc’. Cevendant, ltadministration 

d tyne dose uniqis ¢3 rayons % ntentratno pas l'apparition de 
steatose caractoriséo. Ltaugmentation du taux de graisses que. 
L'on observ3 dans curtains cas paut sans doute @tro rapportee a 

une stSatose du jotine. 


Il on cst tout autrement si on adninistre uns doses 14thale 
de rayons X par petites doses quotidisannes. Dans ce cas, on 
obtient une stéatose caractSrisée, aussi bien histologique que 
biochimique. 


Le métabolisme hopatique ds ls vitamine A somble fortomnent 
PYBGHEirbS par l'irradiation.  4n offet la vitamine 4 résorbé9 par 
Ltintestin, au lieu de staccumiler dens le foie commo chez les 
tSmoins, staccurmule dans la carcasse, sans doute dans le tissu 


adipeux, ot son metabolisme est considérablement accéléré. 


L'irradiation entraine également des modifications du taux 
deo cholostérol contanu dans le fole. 


Lipides sanguine -~ La constitution lipidique du sang est 
fortement perturbee par ltaction dvs radiations ilonisantes. Che z 
le lapin, on observe, aprés l'administration de dose 13thale, une 


opalescences du serume On a observé de méme des variations du 


rapport “1 ,» chez la rat ot ls cobayo. Coes variations dis- 
paraisseh ORD ao oxtraction du sérum a 1'Sther et le taux Se2¥ 

est ramené ‘a la normale. Diapros des recherches pro ree 
affectuées par ultracentrifugation, il gemblerait que ltirradiation 
entraine une accumulation anormal. de certaines classes de 
lipoprotéines dans la sang. L'opalescence constat3e chez le 

lapin apres administration de doses 1S5thales serait due a la 
présance de curtaines de c23 lipoprotéines 


On a relevé, apres irradiation, des modifications de la 
concentration du cholestérol, des phospholipides st de la lipase 
dans le plasma sanguin. 


Enfin, sous ltinfluence du rayonnenment on peut observer daa 
modifications de la constitution Lipidique de certains organes ou 
tissus.e Crest ainsi que, notamment, on sconstate una perturbation 
dans la nature des graisses au niveau du cerveau et une altération 
de la synthtése andogtne des acides gras au niveau de la moells osseusse 


De tous ces faits, 11 n'est pas gossible de dire quels sont 
ceux qui sont dfis 4 une intervention du rayonnement sur les constitu- 
ants lipidiques eux-mémes.» Il est probabla que, parmi eux, certains 
sont affect a d'une maniere directs, d'autres par des voles plus ou 
moins détourness. 


, _On peut penser que les influences indirectes, que des rechorches 
ultearieures permet ne de dSterminer, reltvent de Liaction des radi- 
caux formés dans la phase aqueuse.e Ce probléme se complique sncore a 
fait que les cons ti tyants lipidigues dans les tissus eda SAN. suivant 
les agsociations moléculaires qu'ils présentent (lipoprotéines), etre 


3 ns l'une ou l'autre 36. 
Approved FSr Baas 56-1588709710 : CIA-RDP84-00423R001700160004-2 


() against ionizing radiation 
\ Bldjarn 


Norsk Hydro's Institute for Cancer Ressarch, The Norwegien Radium 
Hospital, Oslo, Norway. 


(These investigations were carried out in collaboration 

with B. Shapiro® and 0. Nygaard. The results will be 

submitted for publication in Canoer Ressgarch and 
Biochemical Journal. 


The possible mechanisms for the protection against lonizing radia- 
tions afforded by SH-compounds were recently summarized by Patt (1). 
He pointed out that the most likely explanations for the protective 
effect of these comsounds are: 1) capture of radicals (or of some 
oxidants formed during the irradiation), 2) reduction of the amount 
of oxygen available in the tissue, and hence of the production of 
certain oxidants (HOs), and 3) protection or reactivation of 
sulphhydryl enzymes. However, several workers have claimed that 
cysteamine does not protect the tissues at the level of the "prinary 
radio-lesions",. Thus, oysteamine fails to reduce the x-ray-induced 
mutations and tho male germ cell death in mice (2). The protective 
effect should rather be due to a stimulation of the regeneration 
processes (3). 


PYRGHT If the protective effect occurs at the level of the ‘orimary 
radio-lesions" it must in part be depending on the local concentra- 
tion of the protective compound during the irradiation. In line 
with this assumption we have determined the concentration of 
oysteamine + cystamine ($S+SH) in various tissues 50 minutes after 
subcutaneous administration of cystamine or cysteamine to rats 
(8 mg/250 gn bogy weight). We have used cysteamine and cystamine 
labelled with §$ (4) and isolated the compounds (SS+SH) from the 
tissue samples by moans of carrier-techniqua. 


Thirty minutss after tho administration of the compounds the 
relative concentration of SStSH in a particular tissue is fairly 
reproducible and independent of whether cysteamine or oystamine is 
administered. If the concentration of SS+SH in serum is set at 
unity, the values found for some other tissues are (averages from 
4 experiments): thyroid 4.3, bone marrow 3.2, adrenals 1.9, 
spleen 1.2, kidneys 1.2, liver 0.3, and testes o.l. These values 
indicate that the part of the protection which may be ascribed to 
local capture of radicals or oxidants formed by the irradiation 
should be greatest in bone marrow, spleen and adrenals, 1.e@. in 
organs which are known to essentially determine the radiosensitivity 
of mammals. The low concentration found in testes may also explain 
the failure of cysteamine to reduce the x-ray induced mutation and — 
male germ cell death in mios. 


If cysteamine-cystamine protect tissue by combining with active 
radicals or oxidants formed by ths ionizing radiation, we would 
expect cartain products of the compounds to be formed. We have 
investigated the radio-chemical transformations of cysteamine and 
cystamins in aqueous solutions to oheok this hypothesis. In this 
work we have combined the use of heavily sulphur-labelled cysteamine 

and cystamine (02 mo./mg) ong eon yecs by paper Sbramabeerapny « 
- This teohnique enabled us to work with oysteamine and cystamine in 
. Bolutions of the samo ogncentration as that present in tissues after 
“-the administration of protective doses of the compounda (1.4 107% M). 
_ By measuring the radio-aotivity on tha paper chromatograms we have 
quaptitized the acounts of irradiation products formed (of the order 
1o7> to 1074 mg). A@ radiation sources were used a 065 ourte gobalt | 
source (008°), an x-ray mohine (factors 17S ky», 10 mae am 
-» OS mm copper filter) and also the gamma rays from 4 31 me 


Ze 


beam betatrone with an on-time of approximately 10 micro-seo. and an 
off-time of 20 mlllisec. 


Cystamine was formed by the irradiation of cysteamine at pH 5 
and 5. The caloulated G-values for this transformation were 4-6 and 
12-20 respectively. The latter values are in good agreement with 
those reported for the oxidation of other mercaptans by ionizing 
radiation (5). 


The irradiation of cystamine solutions produced three additional 
products which wera identified as oysteamins, 2-amino-ethane-sulphinic 
acid and taurine respectively. Our experiments further indicated 
that the production of thm latter two compounds started as soon a& 
cystamine had been formed from oysteamine, i.@. cystamine was able to 
caature radicals in the presence of cysteamine. However, 2-aminos thane- 
sulphinic acid and taurine are formed with low tonic yields, the 
G-values at pH 764 being 0.8-1.1 and 0-6-1 respectively. 


The formation of 2-aminoethane-sulphinic acid and taurine from 
cystamine was measured under a number of different conditions. Keeping 
the total dose constant, the factors varied were doss rate, soncentra- 
tion of cystamine, the acidity and the tonic composition of the 
selution, temperature, and quslity of radiation. Of these factors 
only thea acidity of the solution has a major effect on the yield; the 
maximum yield was found at pH 7 to 8. 


Based on a series of experiments in which the conditions during 

PYRGHErradiation were varied or OH and HO, radicals as well as Ho09 were 
produced chemically, we have proposed a mechanism for the oxidation of 
cystamine by ionizing radiation. The OH radical appears to be mainly 
responsible for the formation of Qeaminoe than: -sulphinic acid, while 
Ho, seems to produce the greater part of the taurine. The HO 
radical most probably reduces cystamine to cysteamine with simul taneous 
production of a cysteamine-S radical and molecular oxygene 


The results so far reported, demonstrate that certain products are 
formed when cysteamine solutions are irradiated at concentration. pH, 
and temperature comparable to what are obtained in the animal after the 
administration of a protective dose. If wo could further demonstrate 
that the same products are actually formed in vivo upon irradiation of 
a cysteamine-protected animal, this would provide strong evidence that 
the capture of radicals is in fact an important mechanism by which 
cysteamine is able to protect the animal organism. Our analytical 
techniques should permit the study of this very imoortant question. 


In preliminary experiments solutions of 1 mg of radioactive 
cystamine in 1 ml of human serum were irradiated with 800 000 r. We 
have been able to demonstrate that 2-aminoethane-sulphinic acid and 
taurine are actually formed in this biological system, although the 
yield of the product were only about 4 per cent of what obtained in 
pure water. However, there was a considerable inorsase in the 
retention of radioactivity at the starting line of the chromatograms 
when the irradiated samples were run. The reason for this retention 

If we assume that this radioactivity 


were captured. 
oysteamine-cystamine under 
inorease the LD,,, (30 days 
total body irradfation. : 


Me results presented above sh 
oysteamine apeinet, jpradiattoe ip 3 could 


to oapture the reditals or oxidant 


y of an additional effect through 
SH-groups on vital proteins is not 
y largg amounts of radioactivity 
5 was irradiated in serum 
liphides between cysteamine and 
Less likely 1s an effect through 
tension in the tissues, Some 


Finally, there a 
do not fit into the general schem 
the liver during the irradiation period. 
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MOCHANISM Ov MUTATION PRODUCTION IN MICROORGANISHS 
we nCHARD 3B. NSWCOMBS, 
ae Atomic dnerasy of Canada Linited, 
& se 0c Chalk River, Ontario. 
2 zn most organ'sns the yield of mutations rises linearly with 


incres sin: x-ray doa: wherecs the corresponding response to ultra- 
violst reschss alther a olatenu, or - p3ek followed by 2 decline 
with furtnor incr’ 33s in the Coge. Straptonyces is axcsptiona 
fi that the dosc-rutation curvas for th2 two agents ars both non- 
Iinser, end both show ths peaked (or -lats3nu) troe of response 


rete 


y 


(decanding on the sonditions of the =°, .rinent) whish is nornelly 
cerooianted with ultreviolet. Mies SEPton) Deas Gt ak. Bape s or 


» Gell syecsnsicn: tar dated Site tor Sande poo due- sither to an 
intorcellular (salestion) effect, or te the s-turetion or irpairment 
of soma osseantially intracsllular res -cons.. Whatevar the factors 
involved, soma at lvcst rmst be comocr for both agents, sines ths 
2tfact of combined trartnent with tonizin: radiation and ultraviolet 
ic less than adfitiv 


The loss is reletively lons-lived sines, in x-ray frectionsa- 
tion 3xporinents, irrsdilatsd spors suspensions snowed no sas irabls 
return tceward normal mutational respons? to © a:cond exposure, 3ven 
ufter an aight hour parted of ineub.ticn in nesiam durin;; which ea 
mucisar division head oceurred in the (soderent) surviving spores. 


PYRGHTA furthor sicilerity between x-ray and ultraviolst mitagenesis 
is founi in the p ssons3 of Straotomyces spores: it different tinss 
throushout thao first nmiclaar divisicn and the subsequent development 
ef maultinucls ite sve vllal strends. ‘ith both agents ths oroportion 
ef inducsd sutants risss by a faacter c: sonsiderebly mor3 than two 
enen tha majerity .f ths spores hev2 “sora binucloata, and declinsa 
recvidly as thay crew into rycelial strands having four or “ors 
nucloi. Undsr s:rtain toniitions ti. “tunl valus is vsry low. In 
a typicel oxpert:ian' , with . constant dos3 of 8000 r of x-rays, tho 
proportion of muitents ris ipon £0 vor aent te 9 pent at 80 por 
cont and dociinus * 4 ous rents and with 200 ergs =er sqm of 2537 

i 


R ultraviolet ti; values or. simtlir exozpt tnet the ssek is slightly 
lowsr. 


The associatien betw:.n theses changsse in :mtabllit 
iene 
< 


yartious mucice= ‘states: May J2Pacps Do fertuttious, bat Aw far owe have 


been unabls to separate tho two, Thus, with incubeti- os in saline 
few of the sporgs undirzo nucloar division ond the chrr.cteristic 
changes in r3spons3 to x-rays fril to occur. Slso0, wher tne saline 


contains tracaa of nutrient some of ths spor3s roriain uninucleate 
while others grow into rmltinicleate strands; under theso conditions 
thy charactsriasatic chans3s in capacity for induced rutation occur but 
ars psduced in insnituds. That the final d3cline in nutability in 
such suspensions is a function of ths multinucleate strands, and not 
primarily of tha suspension as @ wiols, is shown by tho fact that 
filtration through very fino filter paper (oithsr befor, or after 
x-irradiation), to romova ths strands ond to leava th; ungorminated 
spores, results in a 3+-fold incrsasa in proportion ot mutants (from 
4.7 up to 15 per cant) thas partially rastoring the tnitial 
sunsitivity. 


The resistances of the rmltinucleats state to induced mtation 
cannot ba dua to salactive killing of strands containin, mutant 
nuclei, since tha survival in some expsrirants approachss 100 per 
cent with th: standard doses of ultraviolet and x-rays. Also thars 
appears to bo a considerabls physiological control over tho 
mutability of thse strands since, whan suspensions are prepared by 
other than the standard ogrocedurs (continuous incubation with 
frequent agitation), a diffsrsnt resxonse is often observed. Thus 
with alternats incubation and refrigeration under conditions of 
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ration, suspensions war: fadnod watch wors consistently sensi- 
ae es neti on cf eee (30 66° sont rutation 
ah SQ. eee) Wie LS ope insensitivs 
ation «6 3000 wos tls  soontansous or 
cng, Lown undsr nor. sore ee annavrobic 
HSitivita bo Kerpay diesel -sitetion (64 
cor sunt survive 1) 
Sioelesienl control «=. ld os the result of naclsa 
SoLSse ren oe addsp certain ciri siens to suppr-sse the Induced 
yoatant racloi. fsowover, unisss «i.. matations indaue 3 by ttia two 
AGA As ote oat eronty 6 id Biers Sane -sa2 Foes it this, 
thy direction of sulsetion would .: va to by determine? dirins a 
lirited period bufor: the calls recever (under ae stuniird condi- 
Liens of gsrovith sravailin, after irrediction sha btroanstent 
ofracts of the osrticulsr et ia Stes (ho sopticnler 
Iyrecr tiona 4lternutively, the chy Les vy wll 
imnflaenes “3° bine linocd of “indice ¢. satachee aa nuclei. 


Lt Sioctla be noted tact the :.btuen:te incubati..., ind refrigzar- 
SELOMY Slee Peet te i Se ane es. OL Se ant neous mutents 
(risin; fror Ca} nz cant wo to Ser 3? agnt ofta ee hours of 
ineab tion) «ni the SOE ORY at rpaavantest the taoscr nes cf xe-pay 
induced mitents eculd r Daun oosrative ac: Pug aise. shis 
does nos pula ov Hho cossipility of gone vory ey Lepr 
veaar Silecticn, 2 Lh wale. sare Ss irsler to. 
PYRGHT 1 ino CoP SP SNCS 8 gn. Ee. Cert bbl Sow nage 
payeicig lige! £o tes, LO aor pond te tne matagenic aoe bs ¢ 
vorlious agents, If this wers tra it werls he poasonzbls 
suppose thet the ; 
violet involv lee 
the chains cf av 


Similaritics 21 tha actions of t-peys ana 
ater steps, ond the differsaness earlier steno: 
gnts leadin. to 


raltaticne 


Ths multinucleats str nis have slso yielded information 
rolavant to the interpretation of the nen-lincar Joss-muteatircn 
SUrV3ES. Seniplses from the are one en which was sensitive to x-re: 
induced ratiticn wera axposed to 8000 r and to twice this dose, 
the yer cent ~mtents with the tee dos3a buing 34 and 39 respective- 
ly, with SO.1 ind 50.5 psr eant survival, (Tne s3r cont miteants 
is in each ease based on pe peer iG boty e700 #oleniss Tror 
irradiated strands; anid the stronds ivercssd @ nuclet each.) 

bsancs of an adel tive matagenic affact of tha two eats wn 
Similar to thit observed in ths spores prior to srowth, but the 
High survive] orecludss the tiassibllity that ths non- 11 inoor respons9 
te Ga Ge Si eer ont ie). with, Of tha Induced -utent aGlis. 


ica aed it wos neped that thess expsrimants woulc yisld 
information rorarding ths time of induced wut ticns. Both x-ray 
and Se ast indicst mutations hed enpecrsi to bo delaysa untill 
the tims of gone repltiestiecn tn Escherichia colt, gine.» irradiated 
Gills csv39 rises to coloniss ciectered for the inducad chanc3s even 
wheres a "double salection" tschnique he’ been used in an cttampt 
to ensurs that sach colony came from a sgingla irraciatad gene 
complement. Also, ths ae ‘ganic effoeats of ultraviolet in 
Stieptomyeas nad baan found to bdbaconme stable with raspsct to light 
only under senditions favourcbls to nuclesr diviston (reported 
,lsewhsrs). However Wwe iaiva not beén sbl3 toe add to thass 

baorvations any osvicunee of a critical pertod in ths naclesar 

Aiyision cyclo during which rutation might be takin; place. 
“xceotionsl sensitivity to inluced mutation apysars to extend ovar 
the whole of the binucleate stage, and not just a part of it; and 
the fractionation sxp3sriments show that nuclear division brings no 
releasa from an osrlier saturation or impairment of ths canacity 
for induced nutation. “hat mposars to have been shawn is 4 
striking physiclogical control over sansitivity to mutation, and 
we ar3 now in ths process of discriminating between tho various 
external factors which may be involved. 


Patnology of mics irrsciated after infection of 
B nerciptoathylaming 


by eh GERGSTZOFS and Z.M. BACY 


Theres is no doubt that @Amercaptoathylemins (cysteamine or 
Bocaptan}, inj3eted to rica bsfors = lathal irradistion, confsrs an 
offective protacttion. But the rech-nisn and cvan the site of this 
action is not elsar eng romains unixnown. In what organs do3s ths 
protecticn appear? And do3s it prot:ct ths cells themselv3s or a 
fector nscossary to thsir regeneration? 


In an attemst to obtain an unser to these questions, wa heave 
studied the lésions in thres rodios-:nsitive organs (splean, thymus 
and intestinal soitheltur) end tn th: livers the imoortanes of 
this organ in r.sonarction hos boaen strsoss34 by Maisin and his co- 
workers. 


Ne have coxs.ped 0 57 mics siubisetsi to 700 r with or without 
an injection of 3 mgr of ecyste-mins just o:for2 the irradiation. 
Ths deteiled results ara published elsowhar.. Only ths main 
observations will be dasortb:4@ hors. 

For 3very organ listed usoves, wo hove ansured ths dageneration 
dus to tho primary aotion of X preys, 29 S23. "3 hours aftor irrsdie- 
tion, 7nd the roctnsratien obsarvic 3 to 7 4 ge La tet. 


P¥RGHi¢en. A. Dezunerstion. In th; lymph nud s of the splssen, the 
Sopsad: of nuclear pysnosis Ls smellsr in ica tracted with cysteamines 
then in control aninels,. Ths rslation between the intact surfecs 
and ths totel surfaces of the nodes is, in tho mesn, 0,151 for un- 
treated mica snd 0,371 for trantod mics. The differences is quite 
Significativs. 


B. Rogenerntion. Four days >fter ivrodiation, pyenctic 
nuclear ara vary rare in traatead anirals, tt 3till num3rous in som: 
nodas of controls. In th3v°, ¢lininetion of tsganerated cells ind 
resonsration ars slower. 


co Thymus. A. Degeneration. Ths fiffsrence in aycnotic sraas ia not 
Stent toativa: Pycnosis is uscsive in both orsuos of nics. 


7 


Be Regeneration. Count of mitosis for 10 microscopic 
fields gives 48 mitosis for controls and 60 for treated animals, 
But a statistic study of ths results shows that this diffsrencs is 
not significant. 


Ve attribute the unoertain action of Bscapten on thyrnus to the 
strong radio-sansitivity or this Orgone 


Sy Intestins. A. Degener.ticn. Thers is no differences between 
tracted and untraated rics. 


B. Reogensrition. The number of mitotic nuclei is 61 
for controls, 83 for trsated aninals. The difference 1s significant 
and regeneration is mors intense after an injection of cysteanins. 


4. Livor. In this organ, the lesions are predominantly cytoplasmic. 
Thetr Intensity seoms to be rzlated to tho mode of fixation of ths 
tissue. Yhen the liver is fixed in formalin, thers is no difference 
between traated and untreated mice: 6 hours after irradiation, the 
cytoplasn of hovatic calls shows a few snall vacuoles; 4 days later, 
the vacuolar state is very pronounced. Then it ts fixed in formalin 
and picric acid, there ara marked differencag between trsated animals 
and controls: in these, the vacuolar state is evident 6 hours after 
irradiation and very pronounced 4 days later; in cysteamine injected 
mice, the hepatic oslls seem to remain normal. 


4. 


Ths vacuolur state of the cytoplasm sugzosted lipidic degenera- 
tion. But an histochante.l study showad that, if some lipids were 
present «et the bevinning of ths degeneration, they disappearad later 
On. The isck of veauolar degeneration in Becaptan injccted animals 
when the liver is fixsd in a liquid containing picric acia may be 
ralated to the fect that this ecid is an excellent fixation mediun 
for glycogen. It is possibla that ths linkage batwaen glycogen 
(and other polysaccharids) snd proteins is fragile in the liver cf 
irradiated antrals, But this fragility is greatar in controls than 
in cysteanine treated nics: in these, Dicric fixation is sufficiant 
to maintain the polysacch:rids in the cytoplasr, This obssrvation 
connects our study with soma bicchsmical rsssarchas, particularly 
those of Fishur,. 


In conclusion, ths injacticn of Paorcaptosthylanine vefors irrudia- 
tion effacts a Cirsct protzction of liver and apleen,. It has a 
strong acegloritin. action on regeneration in spleen, intsstin> and 
probably thyms. Our observations ar? in favour of ths hypothesis 
that liver ig a rvfiosensitive sources or remineration factors and 
that protection a; cysteamins is effective -t ths leval of som3 
fuctors conceyrnad with @lycogsn metabolism. 


Laboratory of Anatorny and Laboratory of Pathology of Lisge University. 


PMRGULA TIVE S9PacTIVINESS oF VARIOUS IONIZING XADIATIONS ON 
CHROMOSOMd BRIAKAGS IN TRADSSCAN TIA 


Je. Kirby-Smith 


Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 


Pravious work! on the relativa biological sffectivensss (RBs) 
of X rays of saveral energies, I,2-liav gemme rays for Cobalt-S50 and 
high-energy beta rays fror. phesphorous-32, on fradsscantia pollen 
nas DIsn extendad to cover the affsets of lowsr onergy “ rays. Ad-~ 
ditional studies in whioh Tratsecantia inflorascenc3s ar3 us3d have 
confirmed the rasults of the POlian irradiation, indicating that 
mediun-onergy % rays in tha I00-kv rangs ar3 approxinataly twice as 
effsctiva ag high-snergy ganna rays in the induction of chromosomal 
aberretions. Investigations or the effsacts of fast neutrons from 4 
cyclotron sources on thas3 matericls have bean carrisd out and oreli- 
mMinary results show an RBZ for one-hit breaks of 8 to 12 relative to 
msdium-energy X rays and I6 to <5 relative to high-energy gamma Payse 
At the present time only ons néutron anergy Spsctrum with a broad 
maximum in the I-Mev rangs has been used, 


Purthsr work now in progress with a better characterized 
neutron energy spectrum is vxpsctsd to lead to e mora precise figura 
for relative biological affsctivaness of neutrons. 


I. J.S. Kirby-Snith ond D.S- Daniels, Genotics 38; 575-385, 1953, 


BREAKAGE 


S. H. Revell 


(Chester Beatty Research Institute, Royal Cancer Hospital, 
London, S.W.3.) 


A new interpretation is suggested for "chromatid" ("post-split" ) 
changes induced hy a diepoxidse and by lonising radiations. 


It is proposed that several lines of evidence crn be most 
rationally integrated in the hypothesis that this type of change 
arises only at inter-associations between chromosome parts, and that 
the aberration itself is always a chromatid oxchange. These ex- 
changes can be oither between associated parts of different 
chromosomes, to give the various types of interchromosomal absrration; 
or betwe3n closoly neighbourin.; pelnts on the sams chromosome 
associated by a small loop, to sive various typss of trachange, 
including the two otherwise interprated as "chromatid" and “1so- 
chromatid breaks", It is thus nscessarily implied that the single 
‘breaks" seen at metaphase are nct the comsonents by reunion of the 
more complex abarrations, thet is, the varlous interchanges. 


It is clear that, if thoy are inturyreted in this way, the 
observed metaphase changes de not theme..i738 constitute evidence 
that any breakags proceges is involved in their formation. On the 
other hand, the technique employed (ths -:.ilysis of tho conssquencss 
of the original change at thes lator ste. ~f metaphase) cannot 
provids any information on the actual pr ‘ss of exchange. 
Ther3for2 the exchange itself is, for th: srssent, regarded quits 

PpYRoHrically as the unit of structural ch.nge induced. There are, 
owover, other reasons for taking this viuw. Such an event of 
exchange occurs as a normal physiologically determined process 
during meiosis, and appoars to be connected in some essential way 
with the processes of chromosome reproduction. It is therefore 
proposed secondly that the metaphases changes induced by diepoxide 
and lonising radiations may most rationally be regarded as 
heterologous oxchanges of the same nature. Sines the stages in 
the process of melotic chiasma formation which arg intermedlate 
between definitive pachytons and diplotene ars unknown, it ssems 
jJustifiablo st prosent to considor the Induced exchanges also as 
empirical entitios. 


Effect of irradiation on D.N.A. synthesis in regunerating rat liver 
Bea. Holmes and L.K. Mee. 


Department of Radiothcr:puutics. University of Cambridge. 


It has been noticed by many workers (notably by V. Euler and 
Hevesy, Vermund, Barnum ct al and Polc and Howard) and confirmed 
by ourselves that irradiation of a tissue in VIVO produces a 50% 
reduction in D.N.A. synthesis which, aftar large doses (2000 - 
9000 r), persists for hours or even days. Far grenter doses are 
needed to reduce ths synthesis to less than 50% of the normal. 


Various theorles have boon advanced to explain this phenomenon. 
It is hoped to produces data obtained from the irradiation of re- 
gensrating rat liver at different stages, which may lead toa 
discussion of these theories. In some of the experiments double 
labelling of the D.N.A. was used in order to make it possible to 
consider the synthesis of the whole molecule. 


ygelare acs 
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DNA SYNTHESIS IN BONs MARROW STUDIsD BY AUTORADIOGRAPHY 
naa ULL) | OGRA PHY 


L.G. Lajtha and R. Olivor 
Univorsity of Oxford. 


The uptake of 32p orthophosphate, adenine~8-l4¢ ang formate 

to desoxyribose nuclsaic acid by human bone marrow cells in 
vitro has boon studied using a high resolution autoradiography 
technique. 


Cell suspensions from human bono marrows obtained by sternal 
puncture wore cultured in a liquid medium containing 80% fresh 
human serum and 20% balanced salt solution. The labelled compounds 
were added to the culture medium and the cultures were incubated for 
e-48 hours 2t 37°C, At the end of the culturs period smears were 
made, fixed in Alcohol, hydrolysed in N HCl 60°C...6 min, and auto- 
radiographs »>ropared using the stripping film technique with 
Subsequent staining (after processing the autoradicgranhs ). 
Differential counts end grain counts were performed on the stained 
autoradiographs. 


The uptake of 3&p and adenine 14 
Synthesis dous not occ 


sa8cond 
before 
marrow 


Irradiation of the cultures with 5,000r (140kv, SmA, Imm Al 
PYRGEU, 15 min) immediately ana completely tnhibited DNA synthesis 
of thoss cells which were in the DNA synthetic period during the 
timo of irradiation. Cells in the first half of the intermitotic 
cycle dsveloped a latent damage: they could proceed to and enter 
the DNA synthuytic stage, but did not Synthesize more than 2-4 hours! 

worth of DNA, and died orf Subsequontly. 


The uptake of formate 14, into DNA has shown the same radio- 
sensitivity as 52p or adenino 14¢, but while ths two latter 
Compounds have not shown mich Sensitivity to a folic acia antagonist 
(aminoptarin) the incorporation of formats 14¢ into DNA ws narkadly 
inhibited by 0.5yg/ml aminopterin. 


The observations suggest that while the process of agssenbly 
of DNA (from base-sugar~PQ, ) is sensitive to irradiation 1t is not 
sensitive to aminopterin, The incorzoration of formate into 
purines and pyrimidines, howsvsr, ig inhibited by aminopterin. 
This also suggcsts thet adonino 146 is mostly incorporated into 
DNA as adenine, and not aftar previous decomposition to one carbon 
compounds. 


THE INFLU!NCE O POST- RADIATION BSCTORS ON &FFECTS PRODUCED IN BARLEY 
OTS PRODUCED IN BARLEY 


Lars Zhrenboreg 
Instituto of Organic Chemistry and Blochaemistry, University of 
Stockholm, Sweden 


It has sarlier becn demonstrated that different kinds of damage 
in barley plants (growth inhibition, chromosome aberrations, sterility, 
maitation) depend on the water content of the irradiated dormant seeds 
in the casss of x~ and Y-rays. At high water content the radiation 
Sonsitivity is smaller, in a manner probably connected with the higher 
respiration rate. In the casg of fast neutron irradistion, no such 
influsneos is at hand. f. further analysis of the effect has revealed 
a lorge plasticity of the moist sseds to post-radistion influences: 
When the seeds ara sown at a low temperature (~ 12°C.) the damage is 
far mors pronounced than at a higher tompsrature. This difference is 
not observed when dried seeds ars treated similarly. 


When the segyds are stored for some days a couple of weeks 
between irradiation end sowing a ravers: influence of the tempera-~ 
ture is obtained: the moist seuds develop a higher degree of damage 
when stored at 25°C. as compared with 12°C, “hen drisd seeds were 
irradiated, a much smaller effect of Storage tonpsrature is found. 


Yhnen the irradiation is  .orformed with fast neutrons, no 
effect of garnination- anc storags tempsraturse on the development 
of damags is found. 


Sur ltapparition, aprds, action de HN2 - d'§1léments polynuclé4s dans 
les groupements germinnatifs de l'ovaire. 


par P. Desatvs 
(Lisge.) 


L'iovaire de Le>ins Souris 3 \ Ltintroduction intraveineuse 
d'une dons non mortells de msthyl-bis (p -chlorosthyl) anings, montre 
des altérations principalement los:lis$ss aux deux extrénités de la 
chains de d&Sveloppement des folliciles (stada primordial P ot stade 
préovulatoire G) et ost an outre le Sisge do la formation de nombraux 
groupes do typ3 plasnodial, constitués par d3s ovocytes réunis a 
l'interisur d'une envelopps folliculaira c omrune 

PYRGHT i 4 ’ \ 4 

La pressntes atude est doestinge & préeciser l'torigins de ces 
formation et a déterminor le réls que peuvent jouer, @ lour 4gard, 
les radioprotocteurs chimriqigs. 


THS RaLATION OF DOSS AND: ITOTIC STAG: AT TREATMANT -TO 
X-RAY INDUCS) STICKINaS3 OF CHROMOSOMaS 


J. Gordon Carlson and Nyra G.Harrington 


Department of Zoology and #ntomology, The University of 
Tennesses, and Blology Division, Oak Ridge Nationel Laboratory 


Grasshoppar neuroblasts in hanging-drop orepsrations were X-rayed 
at known mitotic stages and examined for evidences of stickiness at 
short intervals of time following treatment. Stickiness 1s manifest 
Hn the adherancs of diffsrent chromosomes (clumping), as detected at 
prometaphase, metaphase, and anaphase, or in the failure of sister 
chromatids to separnte normally at anaphase. Of the mitotic stages 
studied, nemely, very lates prophass, proriataphasa, metaphase, and 
anaphase, the earlier ths stage of the c21ll at treatriant the smallar 
he dos9 naeded to sroduc3 a given effact. This diffsrsent suscepti- 
bility may be interpreted sither as rosulting from the length of time 
BVAa:lable for stickiness to develop betwean treatment and observation 
br as a difforent degrse of Sansitivity of the chromosomes at differont 
Btages of mitosis. 


COMPARISON O# THE PHYSIOLOGICAL R&S 2ONSi TO RUD EICN ND 
RiADIOMIMSTIC Chounic.Ls 
Leff. Dlson, 
The Chastor Beatty Rassarch Instituts, Ths Royil Cencer 
Yospital, London, S. .5 


PYRGHT the effects of whole body X-irrcdiation on the body “eight and 
on the blood of rats have bean comprred with the gffscts sroducsd: by 
two types of radiomimetic chemicals. Ons of thes3 "Myleran", lsé- 
dinethangsulshonyloxybutens CHz 03090- (CH ) 4-04.80 He producss little 
iImisdiate waight loss but can cause ~ crlayed Wet drop at about 
12 to 1: days after « single dose. It nas little effect on the ci-- 
culating lymphocytes but produces a steady fall in tho noutrophils 
(polynorphs), which ra-ch 2 miniram at about 14 days. Tis larger 
doses producs a rapid fall in erythrocytss and platelets after about 
2 to 10 days corras ponding with = gsneral hasnorrhagic state, and 
the dgleyed weisht drop is alnost cirtalinly the resilt of the anaemia 
thus oroducasd. “4th toxic doses @seth occurs at sbeut 10 to le days 
-s 4 r3sult of massive h.amorrhige. On the other hand the "nitrogen 
-matard" dsrivetivs N-N-di{e chloroethyl )p-amino-ghenylY butyric acid. 

s an immodints weight loss 

3 cme rotee Its 
effect cn 
mininun at about 2 
ig also a rapid fell in neutrophils witn e very repli. 
considareble neutrophilia at about 8 to 10 days quistiy returnins to 
normal. “ith toxic doses death necrly always occur: juring ta: 
period of initial weight loss. 


Thus Myleran shows mainly the myvloid effects of * radiation 


wjAlst tho nitressn mustard shows uainly ths lymphoid effects. ‘ 
ceabination of equal cmounts of ths twe crenicals (12.5 Mes sof 
aach) gave weight and blood offscts eetrosely similar to thes: 
produced by a sinjls dese of 200 r “hola body X-irradiation. 


STUDIES ON Tis ey OF RADIATION PROTZCTION AND 
an YO TSAM LPTOSTH 


neCO 
Alsxander Hollacnder ana C. 0. Doudney 


Blology Division, Oak Ridge National Laboratory 
Oak Ridge, Tennesses,. 


In comparing ths offectivenoss of P-nerceantoethylamine 
(cystecanine), and £ -nercaptoathanol (MCL) in protecting BE. coli, 
er eae X radiation, it was found that at 60,000 r cystéamine 

iches a high plstean leval of protaction at about 0.006 M whereas 
th. LCs protection curve flattens out at a lowar lsvel whan a con- 
Sntration of 0.1 Mis rercned. Cystscamine gives remarkable 

npoteation against radiation up to 60,000 r_ (dose reduction factor - 
DRF = 12). At inocsasing energy >60 x 10% r, the protection falls 
to 2 considerably lover lsval (DRF = 6). In contrast to this, MCE 
protacts uniformly with incrgased anergy at a somewhat lowor level 
than the first compound (DRF = 8). The efficacy of cysteamins in 
protectin; against K-rey damages is puduced significantly by the 
prasance of phosphate salts, a phsnomsnon which doss not occur with 
MCs; furthernors a significantly lowsr concentration of phosphate 
aa conparsa to cysteanins is raquired for this effect. 


A solid (agar) jrowth modium which contains yeast extract, beef 
broth, or some other natural extract used after irradiation is neces-~ 
sary to bring out the protection of cysteamine. However, a synthetic 
medium (inorganic salts, glucose, glutamate, uracil, and guanine) can 
FA #6rv3 as an effective growth medium for cysteamine protected 
bacteria. Phia is the same medium which promotes partial recovery of 
unorotected, irradiated #. coli (Stapleton et al.). A growth medium 
consisting of inorganic salts, @lucose, and agar which will support 
growth of nonirradiated ue Gold will susport, sparingly, a of E. 
coli irradiated in the sresencs of cysteamine reducing the DRF from 
IZ to 2; whereas Z- coli irradiated in the oressnce of MCa will grow 
on this’ simple medium rather well, changing the DRF only from 8 to 
Baus Si When He coli is irradiated in a phosphate buffer solution, 

where reduced protection is obtained with cysteaming, the srowth re- 
aaleanenss are somewhat less fastidious. 


Adding MCo or other protective agents to cystsamine during 
irradiation at levels below 60,000 r will not oroducs additional pro- 
tection. However, at levels in excs3ss of 60,000 r whers, as mention- 
ad above, the effectivensss of cysteamine is reduced, MCZ as woll as 
other protective agents, will add readily to the protective ability 
of cysteamine. The dirsct effect of irradiation is not on the 
cysteamine since cysteamine irradiated with energy levels of X ray 
even up to 1kO x 103, behaves for all practical purposes like non- 
irradiated cysteamine. 


To be presented at the 2nd Annual Rediobiology Confsrence in Liege, 
Belgium, August 30-31, Ssptmber 1, 1952. 


THE ERPS ADIATION ON FROZEN TUMCUR Cd 


Ilse Lagsnitzki 
(Strangeways Research Laboratory, Cambridge.) 


It has been shown that the radiation effect can be influenced 
by the metabolic activity of irradiated biological objacts,. In 
tadpoles the radiation effect was delayed if the animals were chil- 
led during and after exposure. (Spear and Glucksmann, 1939.) 
Goldfeder (1951) comparing the radiosensitivity of histologically 
Similar mouse tumours found the radiation effect inoreased in those 
showing a lower metabolic rate. As similar result was obtained 
witn the 337 tumour exposed ag ascites and subcutaneous form 
(Lasnitzki, 1953). For the ascites form which according to Warburg 
and Yiepler (1952) functions at very low energy levels the sae was 
found to be 1/5 of that for the solid sarcoma. 
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In the present work the effect of radiation was compared on 
tumours in the fresh and frozen state at which metabolic activity 
should be at a standstill. The tumour used was the Bhrlich ascitss 
tumour which, as a rule, oreserves its viability if frozen and 
stored at the temperatures of dry ice, tea. - 79%, 


Ascites fluid containin: the tumour cells was divided into 
four equal batches two of which were frozsn at - 79°. Of the re- 
maining two, ons was irradiated in vitro at room temperature and 
injocted suocutangously, the other was inoculated without exposure 
to serve as control. The frozan cells wers k3pt at - 79° for 7 
days one batch was then exposed, thawed and inoculated immediately 
after exposurs, the other thawed and injected as control. In one 
set of experimsnts gamma rays wers used and exposure took place at 
room temperatures, in another, x-rays wera used and the frozen cells 
kept on dry ice during exposur3. In both experiments the dose was 
1500 r at 75 r/min. The radiation effect was measured by the number 
of subcutaneous tumours obtained from control and irradiated grafts. 


The number of tumours obtained from fresh and frozen control 
grafts is of the sams order in both experiments, amounting to a 
percentages take of 80-90%. This indicates that the viability of the 
cells r3amained unimpaired by freezins alone. A comparison of the 
percsntags of irrediated fresh and frezen implants shows that the 
appearance of tumours is delayed and their number significently 
reduced in calls derived from cells exposed i» the frozen state. In 
the gamma ray exp3riment irradiated fresh cells »vroduced tumours in 
34% of the mice two wocks following inoculation but none appeared in 

PyReytTinjscted with frozen irradiated cells. At four weeks thes per- 
contage take was 56% for irradiated fresh cells and 22% for trradiated 
frozen calls. 4&t this time the tumour volums derived from irradiated 
frozen calls was one fifth that from irradiated fresh cells. Cell 
counts made in the growing edge of tumours showad that the mitotic 
rate was similar in both types of tumours but that the proportion of 
abnormal mets and anaphases was incrsassd threefold in tumours derived 
from irrediated frozen cells. In the x-ray experiment in which the 
frozen calls were kept on dry ice durinz exposure a similar graater 
effectivensss of rediation on frozen 2311s was obtains’. At two 
weeks following inoculation the taka was 42% for irradiated frash 
calls and 10% for irradiated frozen e3lls, at four weeks it was 48% 
for irradiatad frash cells and 18% for trradiate: frozen cells. 


Naps 4 


GLUCKSMANN, A., and SPSAR, F.G. Brit. J. Radiol, 1939, XII, 86. 

GOLDFEDAR, ANNA. Radiology, Losl, EVil, 8:5 

LASNITZKI, ILSE. Brit. J. Radiol, 1953, XXVII, 228. 

WARBURG, OTTO and HIEPLAR, g., Zeitschr. f. Naturforsch, 1952, 
VIIb, 3, 193. 


in Tradescantia roots. 
GR. Lene. 


Chromosome aberration induced by di(é:3-s.oxypropyl) ether in 
the root cells of Vicia faba occur largely in ths demonstrable 
neterochromatin and the reunion involved is between chromatids, 1eée 
chromatid reunion (R!) and sister reunion (SR). The effect of this 
Suostancs and of X-rays on the meristematic calls of Tradescantia 
roots is being tested. This matgrial is sensitive t6 so 
epoxypropyl)ather and after a period of mitotic suppression consider- 
able numbers of chromosome breaks appear in spite of the lack of 
demonstrable heterochromatin. Reunion appears to be entirely of ths 
Rt and SR types in contrast to that following treatment with X-rays 
when chromosome reunion (R") is frequent in tha root cells at the 
same time interval after treatment. Study of the tyjes of aberration, 
their frequency and location in this material has an important 
bearing on their mode of induction. 


LNFLUENCE OF OXYGEN ON RADIATION DAMAGE TO MICROORGANISMS 


H. Laser, 
Molteno Institute, University of Cambridge. 


A number of bacteria representing strict and facultative aerobes 
and anasrobes, as well as some yeasts, were exposed to X-rays (190 
Kvp, no added filtration, dose rate 6500 r/min.) at doses from 6.5 to 
65 x 10° pr, Known cell concsntrations of washed cells were irradia- 
ted in phosphate buffer + glucose in absence of any added growth- 
promoting substance. During irradiation the liquid phase was either 
free from dissolved Op (the gas space containing No or Ho ) or it was 
in oquilibrium with 05 of decreasing percentage (160% O53 20% or 5% 
Op/No ). In some expériments with 20% and 5% Os the nifrogen was 
replaced by carbon monoxide. 


Immediately after trradiation a known amount of cells was 
transferred either into fresh buffer + glucose or into a nutrient 
medium in manometer flasks and the rate of some metabolic processes 
measured for up to 10 hours. These included: O> uptake, CO 
production, aerobic and anaerobic fermentation or acid produc €ion 
and utilisation of Ho (vibrio desulphuricans). Under these con- 
ditions the increase, for 8xamole, in 05 uptake or anaerobic 
fermentation with time is proportional to thse increase of dry weight 
of bacterla, les. it 1s a true reflection of Zrowth. , 


Most irradiations were done with 6.5, 13.0 and 26.0 x 105 r 
(1, 2 end 4 min. irradiation). The main results are as follows: 


PYRGHT. 0. uptake, C02 production and anaerobic fermentation or acid 
production wer: not Significantly affected, when measured in washed 
non growing cells. Aerobie fermentation of bakerts yeast was 
Slightly inhibited. 


e. Growth inhibition bacame apparent only after a lag period 
which 1s the shorter, the higher tho X-ray dose. 


5. All growing cells showed an "Op-affect" on irradiation. Tho 
relative sensitivity for O.-treated as Compared to No-treated cells 
was approximately three-fold for soma calls (Staphylococcus albus, 
Lactobacillus Delbrilcki1). On the other hand 4 stotly anaerobic 
organism (vibrio desulphurisans) was unaffected by 6.5 x 109 r in No 
but almost completely inhibited by the same dosy in air; and the 


growth of vegetative forms from Spores of B. subtilis was only inhibited 
after Irradiation (£6 x 10° r) in presence of O> but not in No. 


4. In order to study whether the "Oo-effect" ts dependent on a 
particular metabolic state of the cell or a particular equilibrium of 
an @nzymic system involved in respiration, cells were irradiated in 
presence of Oo while their respiration was inhibited by respiratory 
poisons, Thus, in the case of one bacterium, namely Sarcina lutea, 
it has been possible at an X-ray dose of 26,000 r to almos completely 
Suppress the Oo-effect, t.e. tha célls, after removal of the poison, 
behaved as if thay had been irradiated in N., The effective 
inhibitors were CO, KCN, hydroxylamine and &Zide. Urethane dtd not 
abolish or diminish the "Oj-errect", 


The Implication of this result will be discussed, It is sug- 
gested that it favours the conclus‘on that the "Op-effect" 1s due to a 
reducing and not to an oxidizing agent, 


4A few experiments were also done with irradiation of some 
Snzymes or enzymic systems, namely 


a) glucose oxidase (notatin), irradiated + glucose: 


bo) Heart-muscle preparation (Keilin & Hartree, (1),) irradiated 
+ succinate; 


c) Muscle mitochondria. 


In neither case had irradiation up to 52,500 r (no higher dose was 
tried) any effect on the rate of subsequent oxidation of Glucose, 
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succinate or &ketoglutarate respectively; nor was there any 
effect on oxidative phosphorylation by irradiated mitochondria. 
The significance of these findings will also be briefly discussed. 


(1) Keilin, D and Hartree, E.F. (1947). Blochome Je 41, 500. 
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+} Wedioal Biological Laboratory of the Wation 
tie 4 Research Council, T.N.Ow, Rijswijk, Netherlands. 
vi Our studies were initiated with the object of collecting inf 
‘mation on the effeat of Lfonising radiation on metabolic processes in 
the oytoplasma. It. was postulated that the well-known interference 
with oell division and D.N.A. synthesis which follows exposure to 
fonizing radiation might well be the result of damage to bloohemical 
reaotion-syatems outaide the nucleus. Sinoe D.N.A. synthesis is 
generally supposed to be dependent on energy enero thee ag 
whioh ooour in the oytoplasma, the oxidative phosphorylation of 
mitochondria seemed to present the most obvious subject for investi- 
gation. 


; In. preliminary experiments with mitochondrial preparations 
from various tissues, it was found that spleen mitochondria showed a 
decreased phosphate uptake after total body irradiation. Moat. of 
our subsequent work has been carried out with rat spleen tissue, 
because of ite radiosensitivity and its relative abundance per 
animal. Qur experiments are usually performed at 4 hours or less 
after total body irradiation, because after a larger interval the 
structural changes in the spleen ara 50 radioal, that the study of 
biochemical reactions in these altered tissues cannot in out 
opinion be expected to throw much light on the mechanism of initial 
radiation injury. 


Eran) A decrease of oxidative phosphorylation of isolated spleen 


mitochondria following total body exposure to X-rays has now been 
reported by several investigators. In 1952 Potter and Bethel 
(Federation Proo.,11,270.) described a decreases of phosphate uptake 
by mitochondria isolated from rat spleen at i to 24 hours after 
total body irradiation with 800 r. Similar observations were 

-peported shortly afterwards by ourselves (Trans. Faraday 900.49, 
No.363,1953). In these experiments rather large doses of 
X-radiation, namely 800 r'and 1100 r, were administered to rata and 
apleen mitochondria were isolated &,4 and 24 hours afterwards. In 
addition to a diminished phosphate uptake, some decrease of oxygen 
consumption was observed in most experiments, although the latter 
effect has been generally of lower magnitude. Thus a decrease of 
p/O ratio's has been consistently found with several substrates. 
Maxwell and Ashwell (Aroh.Bioohem & Biophys.,42,389,1953) have pub- 

lished comparable results obtained with mitochondrial preparations 
from mouse spleen at 1 to 7 days after a lethal dose of total body 
X-irradiation. 


After the effeot of large doses of total body irradiation had 
been established, we have attempted to assess the sensitivity of 
oxidative phosphorylation to this type of injury. Furthermore our 
atudies have been extended to mitochondria isolated from rat thyms. 
The methods employed with spleen mitoohondria have been desoribed 
previously (Brit.J.Radiol. 27 ,127,1954) and were applied with minor 
modifications to the study of mitochondria from thymus. The data 
obtained show that in the oase of Spleen mitochondria, oxygen uptake 
is usually far leas affected than phosphorylation, while in the oase 
of thymus mitochondria this differancs la not so qQuiéepoken, although 


 Fadlel hays. be) 
an after 


LUNA. LUN. AL 


lo phe s 


In thymis slices only a amall amount of nuclear fra entation could 
be observed at 4 houra after 650 r and many mitotic Pigures were 


present. After 100 r the signs of destruction were more extensive, 


although many apparently normal nuolei and a few mitotic figures 
remained. From this it appears that the minimal doses of total 
body irradiation required to produce morphological evidence of 

nuclear damage and those necessary to elicit the biochemical ohange 
under discussion do not differ widely if at all. 


In this oonneation it 18 perhaps of interest to mention that.” 
we have not been able to observe any interference with the : 
oxidative phosphorylation of mitochondria isolated under similar 
conditions from the livers of irradiated rata. ven doses of 
5000 r administered to the liver region fail to produce an effeot 
as observed in the case of spleen and thymus mitochondria. These 
observations suggest a relation between the latter effect and the 
radiosensitivity of the oells from which the mitochondria are 
Gerived. 


‘The phenomenon has also beon observed with mitochondrial 
préparations from spleens which were exteriorized during irradia- 
tion while the rest.of the animal was being shielded. The 
depression of sg eels Prati activity after total body 
irradiation is therefore at least for the greater part the result 
of the aotion of the X-rays on the spleen tissues itself. 


In vitro irradiation of isolated spleen mitochondria, both 
fp inactive state at O°C. and during incubation in the 
presence of substrate at 38°C., has uniformly yielded negative 
results, which 1s in accordance with observations of Potter et al. 


The results obtained with rat spleen do not allow an 


evaluation of the radiosensitivity of the mitochondria in the 


various hasmatopoetic cells, since this organ contains beside 
lymphoid elements, also variable quantities of erythropotetis 
and myelopoietis cells. Our observations on the thyme infer 
that the mitochondria of lymphoid cells are affected by total 
body irradiation. In order to assess the sensitivity of 
mitochondria from goer ere 0 eke in this respect, an in- 
crease of the red cell forming elements in the spleen has been 
induced by exposure of the rats to intermittant hypoxia for a 3 
to 4 day period. Mitochondrial suspensions prepared from the 
Spleens of these rata were found to exhibit much higher rates of. 
le oe with a ooncomitant inorease of P/O 
ratio's to nearly double the control values. This activity is 
also séveroiy deprassed after total body irradiation, which seems 
to justify the conclusion that the phosphorylating activity of | 
mitochondria from erythroblastic celle 1a also sensitive to 
irradiation. _ oe ae es oe, 


~The work so far summarized has been of a descriptive kind. Dae 


& following 


. homogenates follow 
and Hickman. (Proo. So 
a threefold inoreane . 
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that this rise could ba best explained by the premise that a 

large amount of inert callular material had been destroyed after 
irradiation, while the particular esnzyms systems wera unaffsacted. 
More recently Dubois and Petersen (Amor. J+Physiol., 176, 282,1954.) 
showed that the inorease of ATP-ase activity could be observed in 
rat splean and thymus homogenates even after total body irradiation 
with doses as small as 25 - 100 r and thay suggsst the possible 
Significance of this effect with regard to the maintenance of 
snergy requiring reactions after irrsdiation. Praviously it had 
boon pointed out by Maxwall et al. that the increase of ATP-ase 
REHE. cannot be the cause of the depressed phosphorylation of 

PYR n mitochondrie, becauss ATP-agse activity had been blocked by 
NaF in tho system used for the moasuramant of oxidative phos- 
phorylation. In our opinion this arsumsnt could not be considered 
satisfactorily because the smount of NaF employed by Maxwell et al. 
leaves a small part of the ATP-gsoe activity uninhibited and we 
found this remaining activity in homoxzenates to be pro portional 
to the values obtained in the egbsgnca of NaF, A more extensive 
investigation of th: possible rola of ATP-aso in the disturbance 
of oxidative phosphorylation has thersfor; bean carrisd out. 
The results which confirm the conclision of Maxw3ll ot al. may 
be summarized as follows: 


(1) The increase of ATP-ase activity of spleen homogenates 
is not apparent within e few hours aftar irradisetion, when the 
disturbances of oxidative phosphorylation of ths mitochondria is 
alraady wall developed. 


(2) The ATP-age ectivity of isolated spleen mitochondria 
after total body irradiation hae ba:n found to be normal, in ths 
presence of a saversly impaired phosphorylating capacity of the 
same proparations, 


The rapidity with which the dgprassion of oxidative 
phosphorylation appears after irradiation relative to other 
biochemical changes is noteworthy. The docraase of anaerobic 
glycolysis which has been duscribed in mousse spleen homogenates 
after total body irradiation by Hickman and Ashwall (J.Biol. 
Chem., £05,551, 1953.) was found by us to appéar severel hours 
after the disturbancs of oxidative phosphorylation had been 
Woll estsolished, in the case of rat Splaeén. 


In conclusion, the evidancs whieh hes been collectad 
indicates that the decreassd phosphorylation of spleen 
mitochondria after total body irradiation is probably caused 
by some block in ths oxidation couplsd phosphorylating 
reactions, ths sxact nature of which is ag yot little understood. 


4 
SOME FACTORS CONTROLLING THE HAEMATOPOIETIC REGENERATION IN WHOLE- 
BODY IRRADIATED RATS 


HE. H. BETZ. 
Laboratoires d'Anatomie Pathologique, Universite de Liege 


Many works in the field of Radioblology have shown that there 
is a close relationship between the survival rate of whole-body 
irradiated animals and their ability to reganerate the destroyed 
haematopoietic tissues. 


During recent years it has been shown that different chemioals 
arg able to protect animals against » lathal dose of X-rays. Whereas 
animals submitted to a lethal whole-body irradiation do not show any 
regeneration of their hasmatopoietia tissues, there is an extensive 
regeneration of bone marrow, spleen, lymph nodes and thymus in the 
animals recaiving a protective agent before ths lethal irradiation. 
Quite similar results have besn desaribed in animals protected with 

otassium cyanide (Betz), glutothione (Cronkete et al.), thiourea 
(Mole), cysteine (Lorenz). An identical stimulation of haematopolesia 
1s observed in animals protected by spleen- or bone-marrow homogenates 
injected after X irradiation (Jacobson et al.; Lorenz et al.). 


In former experiments, wa have shown that, in animals submitted 
to a lethal dose of X-rays, thers is an inhibition of haematopoiesis 
which is independent of the tissular lesions themselves. It is 
possible, indeed, by grafting the spleen of an irradiated mouse to a 
normal ons to induce an extensive regeneration of myeloid and lymphoid 

PYR ues within the graft. Such a regeneration would never have taken 

ca if the splenic tissue had remained within the irradiated body 
till death. From these observations, we may conclude that the 
regsneration of the haematopoletic tissues depends not only on 
tissular lssions but also on ths humoral conditions within the body 
where such tissues are living. These observations led us to 
investigate different factors which could possibly control the 
haematopoletic regeneration of irradiated rata. 


The first factor ws started to investigate was the influenca of 
the adrenal cortex. It is wall known that whole-body irradiation 
stimulates the activity of the adrenal cortex (Patt at al.). The 
incrsased protaction of adreno-oortical hormones could influence the 
haematopoletic rageneration; Barker and Ingle have observed indesd 
an atrophy of bone marrow in rats treated with large doses of 
cortisone and A.C.T.H. 


Influence of oortisono and dasoxycorticosterons acotate DeC Ae) 
on haematopotetio regeneration after a sublethal dose of X-rays. 


These experiments are made in order to ses whether adrenocorti- 
cal hormones are able to inhibit the haematopoietic regeneration, 
after a sublethal irradiation (500r). The control rats irradiated 
only have, indeed, an extensive and early regeneration of thymis, 
Spleen, lyiph nodes and bone marrow. The repair of the destroyed 
tissues starts on the fourth day after irradiation. 

Daily injection of 5 mg. of cortisone acetate to rats irradiated with 
500r. does not influence the regeneration of spleen, lymph nodes or 
bone marrow; the regenoration of the thymus only is inhibited by 
suoh a dose of scortisonsa. On the contrary, the injeation of 10 mg. 
of oortisone daily does block the regeneration of spleen, lymph nodos 
and bone marrow as well as the repair of thymus. . The histological 
picture of the haematopoletio tissues of these rats is quite similar 
to that observed in rats reosiving a lethal irradiation of 800r. 


The daily injection of 3 or 5 mg. of DOs does not modify 
the regeneration of haematopoietic tissues, 9 °° - , 


Influence of adrenaleot 


Adrenaleoatomt 
500rs) show the aa 


{ 
4 
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Adrenalectomized rats are very sensitive to a lethal dose of 
X-rays (800r.) and dis befors any regeneration could possibly take 
place. Thersfore, we used adrenalectomized rats supplememted with 
a dose of D.C.A. (3 mg. daily) or cortisone (2.5 mgs daily) too small 
to influences any haematopoietic activity. The resistance of these 
rats appsared to be normal. Although any possibility of hyperoorti- 
cism was excluded, no hagmatopoistic regeneration has been observed 
in these rats. 


The rasults of these axperiments are not conclusive. Should an 
increased adrenocortical secretion ba able to inhibit the haemato- 
polotic regeneration, thsre is no doubt that the hypsroorticism 
following a lethal whole-body radiation 1s not ths only factor involved 
in tho inhibition of hasmatopoiesis. The adrenalectomy dogs not 
succsed, indood, in stimulating tho haamatopoietic regeneration of 
irradiated rats. Somes other factors must ba involved in the 
regulation of this phenomenon, 


4 


Recently Selye has shown that somatotrophic hormone is able to 
counteract the catabolic effect of protein which normally occurs after 
a stress or an injection of cortisone. On anothgr hand, it is known 
that the production and diffarentiation of blood cells is closely : 
related with the protein metabolism. Therefore, wa studied the effect 
of somatotrophio hormons on the hagmatopoletic regeneration of 
irradiated rats: We compared the results with those obtained by using 
other substances such as testostérona propionate and Vitamin B12 whose 
effect on protein anabolism is also well known, 


py Influence of somatotrophic hormons on the hea smatopoistic regeneration am 


Three groups of rats are studied, all irrediated with a lethal 
dose of X-rays (800r.). The first groun 1s used as control. The 
animals of the second group are irradiated and injected daily with 
o I[.U. of growth hormone. The rats of the third group are adrenalec- 
tomized before the irradiations; afterwards they are injected daily 
with 2.5 mg. of cortison? am 5 I.U of growth hormone. 


In the control group, all the animals died within the eleven days 
following the irradiation, without showing any sign of hasmatopoietia | 
regeneration. Those rats irradiated and injected with growth hormone 
behaved like the controls: they died between the fourth and the tenth 
days without regeneration of their haematopoietic tissuos. On the 
contrary the adrenalectomized rats injected with somatotrophic hormone 
proved mors resistant to a lethal dose of X-rays: about 25% of the 
individuals of this group survived, showing an extensive regeneration 
of lymph nodes, spleen and bone marrow. 


Influence of tostostérone propionate and Vit.Bl2 on the 
haematopoietic regoenoration. 


The two substances used in this experiment have the same aotion. 
as growth hormones: they are quite inactive when injected to normal 
irradiated rats, while they do, on tha contrary, stimulate the 
haematopoletiso regeneration of adrenalectomized animals; here again, 

“about 20% of the individuals survived to a lethal whole-body 
irradiation. 


From these oxpsriments, we may conclude that substances stimu- 
lating the anabolism of protaina are active in atimmlating the 
haematopoletic regeneration of irradiated rats provided they are given 
to adrenalactomized animals. They arg quite inactive in normal rats. 
These results indicate that, as far as haematopolesis is concerned, 
there 1s an antagonistio effect of adrenal hormones and substanoss 
like growth hormone, testosterone propionate and vitamin B12. It is 
likely that suoh an antagonism 1s related to the action of the — 

“substances on the motaboligm of proteins, = 
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In whole-body irradiated rats, hypercorticism plays a role in 
the increased catabolism of proteins which is observed in the animals, 
Betz and Jehotta have shown that a lethal dose of X-rays produces in 
the rat a quick reduction of food intake, a reduction of nitrogen 
excretion, together with « negativation of the nitrogen balanco. 
After five days, a secondary increases of the nitrogen excretion takes 
place with a still more marked nogativation of the nitrogen balance. 
Adrenalectomy prevants the sscondary incrsase of nitrogen excrstion 
although the nitrogen balance romains negative. 


Our results confirm the relationship botwaen the regeneration 
of blood colls and the metabolism of proteins. The disturbances of 
this metabolism which follow a whole-body trradfation are poorly 
understood. Besides the hyperactivity of the adranal cortex, there 
arg other unknown factors intarfering with the nitrogen metabolism. 

A batter knowledge of thesa factors would probably bo a great help in 
the discovery of tho factors which control the haematopolesis of the 
irradiated body, 


The "Now Moon and Sixpence" Skin Toast in Radioblological Studios 
B. Jolles, 


Department of Redlotherapy, Goneral Hospital, Northampton. 


A variation in technique in the course of investigations on 
PYRGH??° Substances, the reciprocal vicinity effect of trradiatod 
L and the unirradiated neighbourhood on the degres of radiation 
quare 


tracing 
lly, 
stigations. 


When a dose of X-rays is given to circul 
diameters surroundsd along half of their cirou 
O-5-1-0 om. by an 0-5-1-0 om. wide "new moon! 
reaction of the lower half of the cir 
vicinity an irradiated str 
is less than that o 
ing strip. The 


in dose actually del 
treated areas as measured by Sievert chambers. 


Quantitative data can be obtained from readings of the intensity 
of reaction at different sectors of the irradiated areas of skin by 
means of an erythemameter specially constructed to the author's speci- 
fication by Lovibond Tintometer Ltd., which enables one to assess 

n3ss and saturation of t 


Porsening of "Protector substances 


A series of specimens of substances not identified except for 
their molar weight, and labelled A to G, wore obtained through the 
indness of Professor A. Haddow and Ory P. Alexander of the Chester 
Beatty Research Institute. This series inoluded substances which 
ave no protective action as well as substances with moderate and 
arked activity. One millilitres of 0-025M solution of these 
substances was injected intradermally immediately after, and in 
another series immediatel before, a dose of 1000-1500r, (60 kV. 
O mA. Filtration inherent in tube shisld only, 25 om. F.S.D,. 
HaVele 1 mms Al.) was given to a cireular and a orssaent area on 
he skin of rabbita. — Only animals oan ba used for these teste as 
poms of the protective agente, when injected Looslly, produce en. 


van 


inflammatory reaction and the injection on occasion has to be made 
outside the trradiated area, intradermal diffusion of the agent being 
relied upon. This was the case, for axample, of f-mercaptoaethylamin 
(Becaptan, Labaz, Horlicks, Ltd.) which was found to be irritating and 
causing superficial ulceration at the site of injection. Yet it 
Showed its influence on the degrees of radiation reaction at a distance 
in the neighbouring trradiated circle. 


Results of 40 experiments are given in Table I. Thess were 
undertaken with the intent of testinz the method and not of the 
efficacy of the chemical agents used. The agent in our seriss which 
showed unmistakable evidence of protective action was found to 
correspond on Dr. Alexander's list to the substance (D) with very high 
protective ection in total body irradiation when injected immediately 
bafore treatment. 


Table I 


Protective agent # Protection No protection | 


A. B -mercaptoas thylamin 
B. Glucose 
PYRGHTFructose 
PR. Tryptamine hydrochloride 
Glycine , oe ta 
Thiourea ; a 


Urea 


Hyaluronidase 


Synkavit ~ | 
| 


identity of the substances A to G was learned after the series 
of experiments was concluded. 


Colour photographs of skin reactions will be shown. Data re- 
lating to experiments with injection of protector substances before 
irradiation will be given. The mechanism of dispersal in the 
Ce etaye tissue meshwork of the injected fluids is briefly consid- 
ered. 


The introduction of a skin radiation test for screening of 
protector substances obviates the difficulties connected with such a 
process, iee. study of mortality curves of animals expossd to lethal 
doses of radiation, laboratory bench assays or of resorting to data 
based on subjective symptoms of individual patients. It would also 
offer the advantage of higher local concentrations of substances to 
be examined and a study of substances which may find an application 
in our efforts to protect the skin from radiation damage. 


Tracing Radloactive Phosphorus Injected Intradermally 


It is difficult, and sometimes impossible, to find out by means 
of directional counters the wheréaboutes, and the conoentration, of 
radioactive isotopes introduced intradermally... Radioactive phoe- — 
phorus op Zing or gold oolleid te used experimentally for direct. 
infiltration of tumour masses as well as for intraperitoneal and - 


_ and intrapleural applications... The main requisite 4 
ae Anggesed. saotope should remain in situ aryl onl, 
| evide 
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irregular deposition of particles of the isotope or its diffusion 
along lines of least resistancs within the tissue framework 1s also 
known. It is believed that the phosphorus remains in situ, 
especially when suspended in oll, but no direct proof has ever been 
submitted. A simple method of mapping out on the skin the where- 
abouts of the radioactive phosphorus injected intradermally has 

been devisede It consists in giving a dose of 400-800r to the skin 
over the injected site. It was found that the cumulative effect 

of radiation due to X-rays, and radiation due to ths radioactive 
isotope will produce a greater skin reaction over areas whera both 
are present, than in those saraas where %-rays alone are tha reaction- 
producing agent. Simple erythema and desquamative reaction on the 
skin often show the distribution of isotopes in a geographical sense. 
Tho circle and crescant lead applicetor can be used for this purposes 
when the area to be X-rayed is large, thus reducing the extent of 
skin reactione 


References 
1. Jolles, B., Nature, Lond, 1949, 164 - 65. 
2, Jolles, Be, brit. J. Radiol., (1950) 25 265. 


3. Jolles, B., British Empire Cancar Campaign, 3lst Annual 
Report. (1954). 


EFFECT OF X-RAYS ON THE RSSORPTION RATS OF INJSCTED BICARBONA Ta 


PYRGHT G. Hevesy and A. Forrsberg 


Institute of Radiophysics, Stockholm. : 


In this short communioation we present evidence for an x-ray 
effect which occurs in mice, given a total body irradiation gf 2000r, 
immediately followed by an intraperitonecl injection of NaH**co,. 

The mean life-time of the bulk of the circulating bicarbonate ine 
in tha body of the mouse amounting to some minutes only, any change 
in the rate of resorption will rofleot itself in a corresponding 
change in tha amount of 4¢05 exhaled already within a few minutes 
or even seconds after the injection. 


In a first set of expsriments wa started tha collaction of 
exhaled carbondioxide about 10 min. after injection of the isotopes 
and followed this process for one hour. Yo ascertained that 
trradiatad mice exhaled approximately 25 % more 14005 than controls 
combined with a slight decrease (some 10 % ) jn the output of total 
anount of COs. Tae enhanced exhalation of }*C0_ might bo expected 
to run papaltol with a smaller amount of residual 14¢ in the body 
of irradiated animals. Analyses of controls and irradiated mice 
showed, however, that the activity of the homogenized and dried 
tissue did not vary appreciably. 


The only explanation left seemed to be that irradiated nice 
exhale 4009 ata markedly deoreased rate for a very short period 
cave aeaart after the injection of the bicarbonate, leaving these 
animals with an increased pool of 44¢ some 10 - 60 min. afterwards. 
Experiments to that end, using a apecia device for collection of 
COs immediately upon the injeation of H14¢03, showed that in the 
first 4 min of the ppd sbeadl aes during which a very appreciable per- 
centage of the oy enn 4005 is exhaled, the controls give off 

ore 4009 (45 % ) than the trradiated animals ( 29 ); and more 

4005 beifig preserved in the exposed animals they give off more 14c05 
in the later stage of the experiment. The sotivity expired during 
the first minute, including. the 6 sec taken for the injection in 
these experiments, was found to be only 43 .% of that of the control. 
This indicates that the X-ray effect on tha process of resorption 
_ of the bicarbonate am the intrusion of COg into the alveolar space 
ds very marked. =. Wea a Sa ge 


pres < ‘ F ree ee 
endo ce pipes Mibae 
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The slower exhalation of 14c¢0, by the exposed animals shortly 
after injection of the labelled bicsrbonate could be due to a ds- 
pressed resorption or/and a circulation disturbance. T> investigate 
how far the latter is the case we injected labelled bicarbonate into 
the tail vein of both control and irradiated mice and collacted the 
exhalatory COs in 2 min intervals starting immediately after 
injection. fo conspicuous differences could be noticed in the amount 
of 14605 exhaled from irrsdiated and controls. The depressed 
exhalation of 14c0, vy the exposed mouss has likely been due to a 
decreased resorptién rate of the injected bicarbonate and not to 
circulation disturbancss. 


Ragorption is presumably mediated through hormonal action. 
This line of thought induced us to investigate the effect of the 
administration of various hormones. It appeared that an injection 
of ACTH effected the exhalation of 4060, in an opposite way than 
the irradiation, giving an increased output of some 30% in the 
first minutes. When irradiating the mice after an ACTH-administra- 
tion it appears thet this combined treatment cancelled the difference 
petween treated and control mice. It may be considered, whether the 
diminished resorption rate observed in the exposed mouse is due to 
a blocking effect of the irradiation on ACTH formation. The 
biological half-life of the injected ACTH is about 5 min and the 
half-life of the ACTH secreatad into the circulation may haves a 
similar value. Blocking of ACTH formation through irradiation 
would correspondingly goon manifest itself. bs 


PYRGHT 


Metabolisme de la cystéamine 
tho NERD 


W.G. Verly, G. Koch, et 8. Grégoire. 


(Universite de Liéga; laboratoires de Pathologie Générale 
et de Biochimis). 


_ Des souris ont regu 5 mg de g°°-cystéamine par injection dans 
le péritoine. 40 minutes plus tard, on retrouve 50 % de la 
radioactivitdéd injectée sous forme de cystéamine-cystamine dans 
L'iorganisme. 24 heures plus tard, on retrouve dans las tissus 34 % 
du $95 administré, mais 2 % seulement sty trouvent encore sous 
forme da cystéamine-cystamine. 


, Un chien de 7 Kg negot dans la veino fémorala 104 mg ds g55. 
cystéamino. 16 % du 85° injecté sont excrétés en 8 heures: la plus 
grande partie sous forme de sulfates, 4 % sous forme de cystéamine- 
cystamine, un peu sous forme de taurine. Sulfates, cystéamine- 
eystamine ot taurine ne rendent pas compte de la totalité de 
Ltactivité urinaire; il existe d'autres metabolites marqué s qui 
ntont p2s encore été identifiés. 


a nm mean and Pao a 
thorium administ:ation 
Charles Johansén, 
Finsen Laboratory, The Finsen Institute, Copenhagen. 


The most important histological ohanges which are observed in 
biopsy material from 6 persons and autopsies from 6 cases are dis~ 
cussed. These are compared with similar material from rabbits who 

ware investigated at different intervals after intravenous 
administration of colloidal thorium dioxide. In addition ia des- 
oribed a disseminated metastasing endotheliosarcoma which is 
produced in the injected rabbits. ues te 
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Incorporation du gi4 dans le glycogtne du Foie aprés Irradiation. 
Mme M.Lourau Pitres. 


(Institut de Blologie Physico-Chimiqua et Laboratoire Pasteur de 
l'Institut du Radium, Paris. ) 


Des données analytiques montrent qu'on trouve plus de glycogtne 
dans le Fois des, animaux irradiés que dans le Foie de témoins jeunant 
depuis le méme temps. (I). Co fait peut @tre interprété de deux 
maniéres. On peut penser ou bien que l'exposition aux rayons — 
diminue l'utilisation des glucides, ou au -contraire qu'elle accélere 
leur mise en réserve sous forme de glycogene. 


Ce probléme a éte abordé dane oe travail en marquant le 


&lycogene in vivo au moyen de métabolites contenant du gl4 et en 
suivant les variations de son activité spécifique. 


Les expériences qui ont été réalisées jusquta oe jour peuvent 
@tre divisées én deux groupes: 


P I° Dans les experienoes appartenant au premier groupe , le 
metabolite contenant le c 4 ost du glucose et i1 est injecté lors- 
que les animaux viennent d'etre irradiés, Ce sont des expdériences 
de courte durée: elles Sont destinées & suivre 1'4inoorporation 
dans le glycogéne du ol4 contenu dang le glucose circulant. Elle 
montrent que chez les animaux irradiés, liactivité Specifique crott 
Pree te et atteint des valeurs plus, élevées qué chez les animaux 
t . L'analyse des figures Suggers que l'irradiation agit 
surtout sur la synthdse du glycogbne (2). 


, 2° Les expériences dy deyxidne groupe sont de plus longue durée, 
Le metabolite qui fournit le ol4 gst du bicarbonate, et 11 est injeoté 
plusieurs heures ou méme plusieurs jours avant que les animaux sotent 
axposés aux rayons. 


Ces expériences mettent & profit la remerque suivante: lorsque 
ls Blycog né est marqué par du cl4 provenant du bicarbonate son 
activite spécifique ne décroit pas d'une mantibre régulisre. Elle 
subit d'tabord une chytg rapide, puis remonte et présente un deuxitme 
maximum suffisament 4léve et surtout suffisament 6loigné du moment de 
ltinjestion (30 & 40 heures) pour qu'on puissa l'utiliser pour suivre 
le tupn over du glycogéne ou ga Synthdse 4 partir de moléquies 
marquses préexistantes alors que les animaux sont revenus 4 des 
gonditions physiologiques normales? | 


Ces expériences confirment les oremiéres: Slles montrent que 


l'irradiation agit sur la synth3se du Slycogéne et non sur sa 
vitesse de renouvellement. . ae 
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THE MODIFICATION OF THs RADIATION R&SPONSE BY SHIAELDING PROCEDURES 


Dr. L.F. Lamerton; Physics Depte Royal Cancer Hospital 
Iondon, 3.W.35- 


It has been shown that head srielding or hind-leg shielding of 
a rat during radiation exposures will modify considerably the rasponse 
of the animal (Lamerton L.F., #1son Lei. and Christensen W.R: Brit. 
Journ. Rad», 26, 510, Oct. 1953; Lamerton L.F., Bilson L.A. and 
Warriss heB: Brit. Journ. Rad., £6, 568, Nove 1953). The anaemia 
developing some days after irradiation is much less severe in the 
case of the shielded animals than in those given whole body 
irradiation. Two factors which are undoubtedly of considerable 
{importance in the development of the anaemia ars (a) the platelet 
fall following irradiation, end (ob) the capacity of the animal for 
compensatory erythropoiesis. Platelet counts have been made in 
the case of whols body irradiated and shislded animals and it has 
been shown that shielding of the head or hind leg will substantially 
reduce the extent of ths platelet fall. The capacity of the animal 
for erythropotlesis following irradiation has been investigated 
using techniques involving radioactive sron and it appears that 
heightened erythropoietic activity is by no means confined to thse 
shielded limb, but that the spleen of the animal plays an important 
part. 


PYRGemunication to the Symposium of Radioblology in Liege, August 1954 


Hit-theoretical analysis of carcinogenesis by ultra-violet rediation 


Niels Arley 
associate professor of physics University of Copenhagen, Denmark 


a 
Norwegian Radium Hospital, Oslo, Norway 


Experimental findings show several striking similaritiscs be tween 
spontaneous end induced mutetions on the one hand and spontanious 

and induced carcinogsnesis on the other. Thus tumours may ba classi- 
fied, as a ruls, in discrete and rather well ssnarated types both as 
regards morphologio and higtologic features and as regards the growth 
rate. Next, these properties seem, as & rule, to be the same 
independent of whether the tumour is spontaneous or induced and, in 
the latter case, independent of the quality and quantity of the agent 
ag well as of the time at which the tumour appears, early or late 
during extended exposurs to a carcinogenic agent. 


One of the ourrent theories as to the mechanism of carcino- 
genesis is, therefore, that this phenomenon tea consequence of a 
somatic mutation 1, Thus the present experimental findings 
indicate that both mutations and aarcinogenesis may be thought of 
as being the results of molecular changes in certain cellular 
units, these changes occurring spontansously due-to thermal fluc- 
tuations, internal chemical agents or cosmic rays, or being induced 
by external agents, direatly or indirectly e.g- via an intermediate 
radioal mechanism. Perhaps in both cases these cellular units or 
control centres, controlling the phenomena in question, are the 
Genes e , a 
; From the hypothesis that carcinogenesis is a sonsequsnes of 

certain molecular changes in certain callular units, and assuming 
tentativaly for simplicity that (a) the action of the carcinogento 
vagants igs a direct hit on these oellular units, and (b)_ that one such 
callular unit being nit is suffiolent to start a tumour’, we have in 
worked out theoretically the quantitative : 
compared these predictions With experiments using. 
“the form of hydrocarbons, viruses, 
“Ratter gase the experiments | 
11 a lustrated in 
The agreement 


12. 


between the theory in its tentative form and the experiments is 
satisfactory, but indicate that in any case with ultra-violet light 
as carcinogenic agent the action may be an indirect one, presumably 
via a radical mechanism. © Further experiments, investigating oege 
a possibls oxygen effect on carcinogenesis, ara therefore highly 
desirable to elucidate the mechanism of carcinogenesis. 


1} Cfeaeg. p. 444 ff in "Symposium on Radiobiology" ed. by J.J. 
Nickson, John Wiley and Sons, New York 1952. 


2) cfe locecit. p.242 ff. 


3) "On tha mechanism of experimental carcinogenesis", Acta Path. et 
Microbiol.Scand. : 
I Iversen and Arlsy (general theory) vol.XXVII p»7735, 1950 
Ii Engelbreth-Holm and Iversen: The effact of different concentra- 
tions of 9, lo-dimethyl-1,2-benzanthracens on skin-carcinogeanssis 
in mice. vol.XXIX, p.77, 1951 
IIft Arley and Iversen: Further davelopment of the hit theory of 
carcinogenesis. vol.XXX, p.21, 1952 
IV Iversen and Edelstein: Ths garly mitotic sffeot of 9,lo-dinethyl- 
1,2-banzanthracene and of 1,2,5,6-dibenzanthracens on epidermal 
calls of the mouse ear. vol.XX%, pe213, 1952, 
V Iversen and Arley: Application of ths hit theory to virus- 
induced tumours. vol. XXXI, pec7?, 1952 
"of. also Arley and Iversen: Application of the quentum hit 
theory to virus-provoked tumours. NATURE vol.169, p.410, 1952 
VI Arley and Iversen: Hit theoretical interpritation of some 
axpéeriments of Berenblum snd Shubik. vol. XXXII, p.164, 1952 
PYRGHT Iversen end Engelbreth-Holm and Noring: On the effect of 
sroton ofl on skin previously painted. vol. XXXII, peel8, 1952 
VIII Ringsted: The growth of M111-Hill endothelioma in chicks 
treated with aminopterin. vole XRMTII, pe44, 1953 
IX Arley and Iversen: Asplication of the hit theory to fumours 
produced by ultraviolet radiation. vol. XXXIIL, pel33, 1953 
ef. also Iversen and Arley: Application of the quantum hit 
theory to tumours induced by ultraviolet radiation. NATURE 
vol. 171, p.257, 1953 
X S&ngeloreth-Holm and Jensen: The influence of agg and o. growth 
hormone on skin carcinogsnesis in mice. vol. KXXTTI, p.257,1953 


Summary of Observationa mada on the Human Response 
to a Single Dosa of X-rays 

WeM. Court Brown 

John D. Abbatt 
Since 1950 the constitutional disturbance produced by a Single 
dose of X-rays has been studied in 150 patients. These investiga- 
tions have as far as possiblo been carried out under controlled . 
conditions, though only patients in coo general health and those 
willing to co-operate have besn studied. | 


Human investigations of pps ae ahi limited by ethical and 
therapautio considerations in reapeot of the dose of X-rays that oan 
be given and the volume of tisgue that.can be irradiated. Within | 
these limits standardised Studies have been made on the effects of 
middle voltage X-irrndiation of the pelvis, whole. abdomen, whole .° 
length of spine, upper half of the trunk and.to 9 limited extent of 
the whole body, 9 ee ee ae git Hi 7 
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Body Size and Dose Relationship to the Initial Symptomatic Disturbanss 


of Radiation Sickness. 


After the administration of a large enough X-ray dose to either 
the whole body or to an adequate volume of the trunk, there is an 
asymptomatic or "latent" period terminated by the sudden onset of 
symptoms and signs of radiation siokness. ese are naussa, head- 
ache, fatigue and often vomiting. The latent period from the 
commencement of irradiation to the onset of symptoms has been shown 
to be dependent on tm administered radiation dose in roentgens, the 
body size, anda particular property of the site irradiated, the 
anatomical site sensitivity. The latent period is not, however, 


dependent on whole body integral dose. 


There is, for any given site irradiated, a linear relationship 
between the response mstameter - in this cage latent period - and tho 
log dose per unit of body size. This relationship strongly sug zests 
that the time of onset, duration and severity of the initial distur- 
bance are largely determined by the release of a diffusible substance 
in the irradiated volume with subsequent dilution throughout one or 
more of the fluid compartments of the whole body; symptoms then 
oseur if and when a particular threshold is reached. In other 
words wo appear to be dealing, at least in part, with a typical 
QB aermasoreeree dose-response relationship. 


Peripheral Blood Count Responss 


Qualitatively the changes in the blood count are similar to 
those noted after single whole body exposures in animals, although 
the doses used are not great enough to produce clinical anaemia. 


PYR 


A neutrophil leucocytosts accommenies the onset of symptoms and 
may precede it. The maturity of the neutrophils suggests that the 
cells area mobilisad from vascular channels opened up ag a result of 
irradiation. The changes in white count at this time are not 
characteristic of those induced by ACTH, epinephrine or histamine. 


In a group of cases given Lrradiation to the whole length of the 
spine, a mean dose of the order of 200r has been delivered to ths 
' spinal bone marrow. Subsequently this group has shown a significant 
fall in the lymphooyte count from the first post-irradiation day, 
becoming maximal about the seventh day, a significant fall in the 
white cell count from the second post-irradiation day, but no signifi- 
cant fall in the neutrophil count until ths fifth day. . 


In a high proportion of cases the venous hasmatocrit falls from 
the first, second or third post-irradiation dayse It is likely that 
at such an early stage this fall is due either to a change in plasma 
volume, consequent upon 4 redistribution of intra-cellular and. extra- 
osllular fluid, or to inoreased red cell haemolysis. 


Blectrolyts Bxoretion and Renal Function 


The onset of symptoms is usually associated with changes in the 
exoretion of slseotrolytes. There ig an inoreased exoretion of 
sodium ion, the inorease being mainly covered by inoreases in the 


in sodium excretion. Within the Timt 
the plasma sodium and inorganic phos 
change, and caloulations of the tubu 
ions suggests that there 1s 
through the cella of the. proximal renal. tu 
0% @istinguigh between ohang 


how ‘Aistt 


Adrenal Panction 


Tasts of adranal function have so far failed to demonstrats any 
disturbances at the time of or prior to the development of radiation 
sickness. These tests include sstimations of 17-ketosterolid 
excretion, the plasma compound F level and the absolute eosinophil 
count » 


Ths Vascular Response in Irradiated Tissusa 


The rate of clearance of intra-dermally injected radiosodium 
has been used to investigate the effect of {rradiation on the 
vascularity of irradiated skin and presumably of the vascularity of 
tissues within the irradiated volume. Increases in the radiosodium 
half clearanca time after intra-dermal injection have been found 
with X-ray doses in excess of o00r. These changes appear within 
14 to 2 hours of irradiation and may be maximal prior to the 
appearances of a visible erythema. Further investigations are 
being undertaken to determine the relationship of these changes to 
radiation sickness and to changes in the neutrophil count already 
described or occurring towards the ond of the latent period. 


Conclusion 


Whatever the mechanism of the ochenges observed and the clinical’ 
disturbance produced, the clear relationship between response, 


PYRGHROY 2° as latent period, and log dose per unit of body size, pro- 
vid 


es a reproducible biological system. This system is moreover a 
convenient means of assassing the efficiency of either protective or 
therapeutic agents by astablished pharmacological methods of bio- 
assay on man himself. 


Relative biological efficienoy of fast nautrons and gamma radiation 
for chronic irradiation of mice. 


by R.IH. Mole., RJ. Munson and G.J. Neary. 


A graphite pile at A.=.R.&. Harwell has been used for daily 
irradiation of mice with fest neutrons substantially free from 
gamma radiation. Starilisation of male and of female mice and a 
reduction in the weight of the tastis have provided sensitive 
indicators of radiation damags. Dose-response curves for fast 
neutrons and Cobalt gamma radiation have been found to be very 
similar: there has been no evidence so far of any qualitative 
difference. Relative biological efficiency factors lay between 
2 and 8 for exposures ranging from twaentyfour hours to fiva months: 
there are definite difforences between differant strains of mousa. 
An experiment to determine the redeOe for lethal effects of low 
daily irradiation has been started but no results are yet available. 


